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ABSTRACT OF THESIS 
 
 
 
 
TOLERANCE OF SEEDLING TURFGRASS SPECIES TO ALS INHIBITING 
HERBICIDES  
 
 
Acetolactate synthase (ALS) inhibiting herbicides are commonly used to eliminate weeds 
from mature turfgrasses.  Field trials were conducted from 2004-2006, testing ALS 
herbicides for preemergence and early postemergence activity on newly seeded 
turfgrasses, using four species:  ‘Riviera’ bermuda, ‘Zenith’ and ‘Companion’ zoysia, ‘L-
93’ creeping bentgrass, and Poa annua L.  Data collected were phytotoxicity and percent 
turf cover.  Bermuda and zoysia herbicides were metsulfuron-methyl (42 g ha-1), 
trifloxysulfuron (29 g ha-1), flazasulfuron (53 g ha-1), foramsulfuron (30 g ha-1), 
bispyribac-sodium (112 g ha-1), and rimsulfuron (35 g ha-1).  Treatments occurred the day 
of seeding and two-three weeks after seeding.  Flazasulfuron, trifloxysulfuron and 
bispyribac-sodium caused significant damage in all treatments.  Data suggests that 
bermuda and zoysia are tolerant of seedling treatments of foramsulfuron, rimsulfuron, 
and metsulfuron-methyl at these rates.  Bentgrass and P. annua herbicides were 
foramsulfuron (15 and 30 g ha-1), siduron (2803 g ha-1), bispyribac-sodium (49 g ha-1), 
and paclobutrazol (281 g ha-1).  Treatments occurred the day of seeding, two and four 
weeks after seeding.  Foramsulfuron at 15 and 30 g ha-1 caused significant damage 
regardless of when it was applied.  Data suggests that bentgrass and P. annua are tolerant 
of seedling treatments of siduron, paclobutrazol, and bispyribac-sodium at these rates. 
 
 
KEYWORDS:  Acetolactate synthase, phytotoxicity, newly seeded turfgrass, 
preemergence, early postemergence 
 
      _______Sara K. Carter_________ 
 
     ________April 5, 2007_________ 
 
 
 
 
 
 
 
 
 
TOLERANCE OF SEEDLING TURFGRASS SPECIES TO ALS INHIBITING HERBICIDES 
 
 
 
 
By 
 
Sara Katherine Carter 
 
 
 
 
 
 
 
 
 
        
__________ Dr. David W. Williams _________ 
Director of Thesis 
 
_________Dr. Charles Dougherty___________ 
Director of Graduate Studies 
 
______________April 5, 2007______________ 
RULES FOR THE USE OF THESES 
 
 
 
Unpublished theses submitted for the Master’s degree and deposited in the University of 
Kentucky Library are as a rule open for inspection, but are to be used only with due 
regard to the rights of the authors.  Bibliographical references may be noted,, but 
quotations or summaries of parts may be published only with the permission of the 
author,, and with the usual scholarly acknowledgements. 
 
Extensive copying or publication of the thesis in whole or in part also requires the 
consent of the Dean of the Graduate School of the University of Kentucky. 
 
A library that borrows this thesis for use by its patrons is expected to secure the signature 
of each user. 
 
Name          Date 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
 
THESIS 
 
 
 
 
 
 
 
 
Sara Katherine Carter 
 
 
 
 
 
 
 
 
 
 
 
The Graduate School 
 
University of Kentucky 
 
2007 
TOLERANCE OF SEEDLING TURFGRASS SPECIES TO ALS INHIBITING 
HERBICIDES 
 
 
 
 
 
 
__________________________ 
 
THESIS 
__________________________ 
 
A thesis submitted in partial fulfillment of the 
requirements for the degree of Master of Science in the  
College of Agriculture 
at the University of Kentucky 
 
 
 
 
By 
 
Sara Katherine Carter 
 
Lexington, Kentucky 
 
Director:  Dr. D. W. Williams, Professor of Plant and Soil Sciences 
 
Lexington, Kentucky 
 
2007 
I dedicate this Master’s thesis to the memory of my brother, 
William Edward “Dustin” Carter, IV 
who was taken away from me too soon. 
 
I will always love you. 
iii
 ACKNOWLEDGEMENTS 
 
 The following thesis is the result of the ideas of several individuals.  I would like 
to thank my committee Dr. D. W. Williams, Dr. A.J. Powell, Jr., and Dr. W. W. Witt for 
all of their guidance and support throughout this process.   I thank them for believing in 
me and taking a chance.  I am truly grateful for their wisdom, expertise and 
encouragement as I continued my education. 
 
 I would like to thank Mr. Charles Slack for his guidance and understanding as I 
worked toward this goal.  He taught me everything I know about the technical side of 
field plot research and I am thankful for the time he took to teach me.  I would also like 
to thank Ricky King and Paul Burrus for their continued assistance as I worked to 
complete my research.  I learned more than I ever thought possible from them and I will 
forever be appreciative for everything they did to help me on my way and for the time 
they took to teach me. 
 
 Most importantly, I would like to thank my parents for their love, support and 
words of encouragement, and Terry for his love and understanding as I completed 
another chapter of my life. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 TABLE OF CONTENTS 
 
Acknowledgements………………………………………………………………………iii 
 
List of Tables…………………………………………………………………………......iv 
 
List of Figures……………………………………………………………………………..x 
 
List of Files……………………………………………………………………………….xi 
 
Chapter One:  Introduction…………………………………………………………….….1 
 
Chapter Two:  Warm Season Grasses 
 Bermudagrass Studies 
 Materials and Methods…………………………………………………………...12 
 2004 Results...........................................................................................................13 
 2005 Results……………………………………………………………………...18 
Discussion………………………………………………………………………..18 
  
Zoysiagrass Studies 
 Materials and Methods…………………………………………………………...27 
 2004 Results……………………………………………………………………...28 
 2006 Results……………………………………………………………………...35 
Discussion………………………………………………………………………..35 
 
Chapter Three:  Cool Season Grasses 
 Creeping Bentgrass Studies 
 Materials and Methods…………………………………………………………...43 
 2004 Results……………………………………………………………………...44
 2005 Results……………………………………………………………………...50 
 Discussion………………………………………………………………………..64 
 
 Poa annua Studies 
 Materials and Methods……………………………………………………...........64 
 2004 Results………………………………………………………………...........65 
 2005 Results………………………………………………………………...........67
 Discussion………………………………………………………………………..79 
 
Summary…………………………………………………………………………………87 
 
References………………………………………………………………………………..88 
 
Vita……………………………………………………………………………………….91 
  
 
 
v 
 LIST OF TABLES 
 
Table 1, Effect of herbicides applied the day of seeding to Cynodon dactylon var.  
  ‘Riviera’ on visual phytotoxicity (1= blue/ dk. green,  
5= acceptable chlorosis, 9=tan/brown /dead) for observations in 2004.  
Trial established 6/21/2004………………………………………............14 
 
Table 2, Effect of herbicides applied the day of seeding to Cynodon dactylon var.  
‘Riviera’ on percent (%) turf cover for observations in 2004.  Trial 
established 6/21/2004…………………………………………….............15 
 
Table 3, Effect of herbicides applied two weeks after seeding to Cynodon dactylon var.  
  ‘Riviera’ on visual phytotoxicity (1= blue/ dk. green, 
5= acceptable chlorosis, 9=tan/brown /dead) for observations in 2004.  
Trial established 6/21/2004.  Application made 7/8……………………..17 
 
Table 4, Effect of herbicides applied two weeks after seeding to Cynodon dactylon var.  
  ‘Riviera’ on percent (%) turf cover for observations in 2004.   
  Trial established 6/21/2004.  Application made 7/8……………………..19 
 
Table 5, Effect of herbicides applied the day of seeding to Cynodon dactylon var.   
  ‘Riviera’ on visual phytotoxicity (1= blue/ dk. green, 
 5= acceptable chlorosis, 9=tan/brown /dead) for observations in 2005.   
Trial established 6/8/2005.……………………………..………………...21 
 
Table 6, Effect of herbicides applied the day of seeding to Cynodon dactylon var.  
  ‘Riviera’ on percent (%) turf cover for observations in 2005.   
  Trial established 6/8/2005………………………………………..............22 
 
Table 7, Effect of herbicides applied two weeks after seeding to Cynodon dactylon var.  
  ‘Riviera’ on visual phytotoxicity (1= blue/ dk. green,  
  5= acceptable chlorosis, 9=tan/brown /dead) for observations in 2005.   
  Trial established 6/8/2005. Application made 6/22……………………...24 
 
Table 8, Effect of herbicides applied two weeks after seeding to Cynodon dactylon var.  
  ‘Riviera’ on percent (%) turf cover for observations in 2005.   
  Trial established 6/8/2005.  Application made 6/22……………..............25 
 
Table 9, Effect of herbicides applied the day of seeding to Zoysia japonica  var. ‘Zenith’  
on visual phytotoxicity (1= blue/ dk. green, 5= acceptable chlorosis, 
9=tan/brown /dead) for observations in 2004.  Trial established  
6/21/2004.……………………………..………………………................29 
 
Table 10, Effect of herbicides applied the day of seeding to Zoysia japonica var.   
  ‘Zenith’ on percent (%) turf cover for observations in 2004.  Trial  
  established 6/21/2004……………………………………………………30 
vi 
 Table 11, Effect of herbicides applied two weeks after seeding to Zoysia japonica var.  
  ‘Zenith’ on visual phytotoxicity (1= blue/ dk. green,  
  5= acceptable chlorosis, 9=tan/brown /dead) for observations in 2004.   
  Trial established 6/21/2004. Application made 7/8……………………...32 
 
Table 12, Effect of herbicides applied two weeks after seeding to Zoysia japonica var. 
  ‘Zenith’ on percent (%) turf cover for observations in 2004.  Trial  
  established 6/21/2004.   Application made 7/8…………………..............33 
 
Table 13, Effect of herbicides applied the day of seeding to Zoysia japonica var.  
  ‘Companion’ on visual phytotoxicity (1= blue/ dk. green,  
  5=acceptable chlorosis, 9=tan/brown /dead) for observations in 2006.   
  Trial established 6/16/2006………………………………………………36 
 
Table 14, Effect of herbicides applied the day of seeding to Zoysia japonica var.  
  ‘Companion’ on percent (%) turf cover for observations in 2006.   
  Trial established 6/16/2006………………………………………………37 
 
Table 15, Effect of herbicides applied three weeks after seeding to Zoysia japonica var.  
  ‘Companion’ on visual phytotoxicity (1= blue/ dk. green,  
  5= acceptable chlorosis, 9=tan/brown /dead) for observations in 2006.   
  Trial established 6/16/2006.  Application made 7/7……………………..39 
 
Table 16, Effect of herbicides applied three weeks after seeding to Zoysia japonica var.  
  ‘Companion’ on percent (%) turf cover for observations in 2006.   
  Trial established 6/16/2006.  Application made 7/7……………………..40 
 
Table 17, Effect of herbicides applied the day of seeding to Agrostis stolonifera var.  
‘L-93’ on visual phytotoxicity (1= blue/ dk. green, 5= acceptable 
chlorosis, 9=tan/brown /dead) for observations in 2004.   
  Trial established 9/23/2004………………………..……………………..45 
 
Table 18, Effect of herbicides applied the day of seeding to Agrostis stolonifera var.  
  ‘L-93’  on percent (%) turf cover for observations in 2004.  Trial  
  established 9/23/2004…………………………………………………….46 
 
Table 19, Effect of herbicides applied two weeks after seeding to Agrostis stolonifera var. 
‘L-93’ on visual phytotoxicity (1= blue/ dk. green, 5= acceptable 
chlorosis, 9=tan/brown /dead) for observations in 2004.  
Trial established 9/23/2004. Application made 10/7…………………….48 
 
 
Table 20, Effect of herbicides applied two weeks after seeding to Agrostis stolonifera  
  var. ‘L-93’ on percent (%) turf cover for observations in 2004.  Trial  
  established 9/23/2004.  Application made 10/7………………………….49 
 
vii 
 Table 21, Effect of herbicides applied four weeks after seeding to Agrostis stolonifera  
var. ‘L-93’ on visual phytotoxicity (1= blue/ dk. green, 5= acceptable 
chlorosis, 9=tan/brown /dead) for observations in 2004.  
  Trial established 9/23/2004.  Application made 10/21...………………...52 
 
Table 22, Effect of herbicides applied four weeks after seeding to Agrostis stolonifera  
  var. ‘L-93’ on percent (%) turf cover for observations in 2004.   
  Trial established 9/23/2004.  Application made 10/21…………………..53 
 
Table 23, Effect of herbicides applied the day of seeding to Agrostis stolonifera var.  
  ‘L-93’ on visual phytotoxicity (1= blue/ dk. green, 
   5= acceptable chlorosis, 9=tan/brown /dead) for observations in 2005. 
  Trial established 10/3/2005……………………........................................55 
 
Table 24, Effect of herbicides applied the day of seeding to Agrostis stolonifera var.  
  ‘L-93’ on percent (%) turf cover for observations in 2005.  Trial  
  established 10/3/2005…………………………………………….............56 
 
Table 25, Effect of herbicides applied two weeks after seeding to Agrostis stolonifera var.  
  ‘L-93’ on visual phytotoxicity (1= blue/ dk. green, 
  5= acceptable chlorosis, 9=tan/brown /dead) for observations in 2005.  
  Trial established 10/3/2005.  Application made 10/17…………………..58 
 
Table 26, Effect of herbicides applied two weeks after seeding to Agrostis stolonifera var.  
  ‘L-93’ on percent (%) turf cover for observations in 2005.  Trial  
  established 10/3/2005.  Application made 10/17 ……..............................59 
 
Table 27, Effect of herbicides applied four weeks after seeding to Agrostis stolonifera  
  var. ‘L-93’ on visual phytotoxicity (1= blue/ dk. green,  
  5= acceptable chlorosis, 9=tan/brown /dead) for observations in 2005.   
  Trial established 10/3/2005.  Application made 10/31…………………..61 
 
Table 28, Effect of herbicides applied four weeks after seeding to Agrostis stolonifera  
  var. ‘L-93’ on percent (%) turf cover for observations in 2005.   
  Trial established 10/3/2005. Application made 10/31…………………...62 
 
Table 29, Effect of herbicides applied the day of seeding to Poa annua L., on visual  
  phytotoxicity (1= blue/ dk. green, 5= acceptable chlorosis,    
  9=tan/brown/dead) for observations in 2004.  Trial established  
  9/23/2004...…………………....................................................................66 
 
Table 30, Effect of herbicides applied the day of seeding to Poa annua L., on  
percent (%) turf cover for observations in 2004.  Trial 
  established 9/23/2004.…………………………………………………....68 
 
 
viii 
 Table 31, Effect of herbicides applied two weeks after seeding to Poa annua L., 
on visual phytotoxicity (1= blue/ dk. green, 5= acceptable  
  chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established 
  9/23/2004.  Application made 10/7...…………………………………….70 
 
Table 32, Effect of herbicides applied two weeks after seeding to Poa annua L., on  
  percent (%) turf cover for observations in 2004.  Trial established   
  9/23/2004.  Application date 10/7…………………..................................71 
 
Table 33, Effect of herbicides applied four weeks after seeding to Poa annua L., on  
visual phytotoxicity (1= blue/ dk. green, 5= acceptable  
chlorosis, 9=tan/brown /dead) for observations in 2004.  Trial established 
 9/23/2004.  Application made 10/21……………………………………..73 
 
Table 34, Effect of herbicides applied four weeks after seeding to four weeks after  
seeding to Poa annua L., on percent (%) turf cover for observations in 
2004. Trial established 9/23/2004.  Application date 10/21.…..………...74 
 
Table 35, Effect of herbicides applied the day of seeding to  Poa annua L., on visual 
phytotoxicity (1= blue/ dk. green, 5= acceptable chlorosis, 
9=tan/brown/dead) for observations in 2005.  Trial established  
  10/3/2005.………………………………………………………..............76 
 
Table 36, Effect of herbicides applied the day of seeding to Poa annua L., on percent (%) 
  turf cover for observations in 2005.  Trial established 10/3/2005.............77 
 
Table 37, Effect of herbicides applied two weeks after seeding to Poa annua L., on visual 
  phytotoxicity (1= blue/ dk. green, 5= acceptable chlorosis,    
  9=tan/brown/dead) for observations in 2005.  Trial established  
  10/3/2005.  Application made 10/17……………………………………..81 
 
Table 38, Effect of herbicides applied two weeks after seeding to Poa annua L., on  
  percent (%) turf cover for observations in 2005.  Trial established   
  10/3/2005. Application made 10/17……………………………………...82 
 
Table 39, Effect of herbicides applied four weeks after seeding to Poa annua L., on  
  visual phytotoxicity (1= blue/ dk. green, 5= acceptable chlorosis,   
  9=tan/brown /dead) for observations in 2005.  Trial established  
  10/3/2005. Application made 10/31……………………..……………….84 
 
Table 40, Effect of herbicides applied two weeks after seeding to Poa annua L., on  
  percent (%) turf cover for observations in 2004.  Trial established   
  6/21/2004. Application made 10/31 ……………………………………..85 
 
 
 
ix
 LIST OF FIGURES 
 
Figure 1.  Percent (%) turf cover ratings from 2004 of herbicide effects on Cynodon  
  dactylon var. 'Riviera' applied the day of seeding …………………….…16 
 
Figure 2.  Percent (%) turf cover ratings from 2004 of herbicide effects on Cynodon  
  dactylon var. 'Riviera' applied two weeks after seeding ………………...20 
 
Figure 3.  Percent (%) turf cover ratings from 2005 of herbicide effects on Cynodon  
  dactylon var. 'Riviera' applied the day of seeding ………………………23 
 
Figure 4.  Percent (%) turf cover ratings from 2005 of herbicide effects on Cynodon 
   dactylon var. 'Riviera' applied two weeks after seeding………………...26 
 
Figure 5.  Percent (%) turf cover ratings from 2004 of herbicide effects on Zoysia 
japonica  var. 'Zenith' applied the day of seeding ……………………..…31 
 
Figure 6.  Percent (%) turf cover ratings from 2004 of herbicide effects on Zoysia 
japonica  var. 'Zenith' applied two weeks after seeding …………………34 
 
Figure 7.  Percent (%) turf cover ratings from 2006 of herbicide effects on Zoysia 
japonica  var. 'Companion' applied the day of seeding ………………….38 
 
Figure 8.  Percent (%) turf cover ratings from 2006 of herbicide effects on Zoysia 
japonica  var. 'Companion' applied three weeks after seeding …………..41 
 
Figure 9.  Percent (%) turf cover ratings from 2004 of herbicide effects on Agrostis  
  stolonifera var. 'L-93' applied the day of seeding ……………………….47 
 
Figure 10.  Percent (%) turf cover ratings from 2004 of herbicide effects on Agrostis  
  stolonifera var. 'L-93' applied two weeks after seeding …………………51 
 
Figure 11.  Percent (%) turf cover ratings from 2004 of herbicide effects on Agrostis  
  stolonifera var. 'L-93' applied four weeks after seeding ………………...54 
 
Figure 12.  Percent (%) turf cover ratings from 2005 of herbicide effects on Agrostis  
  stolonifera var. 'L-93' applied the day of seeding ……………………….57 
 
Figure 13.  Percent (%) turf cover ratings from 2005 of herbicide effects on Agrostis  
  stolonifera var. 'L-93' applied two weeks after seeding …………………60 
 
Figure 14.  Percent (%) turf cover ratings from 2005 of herbicide effects on Agrostis  
  stolonifera var. 'L-93' applied four weeks after seeding ………………...63 
 
Figure 15.  Percent (%) turf cover ratings from 2004 of herbicide effects on Poa annua 
applied the day of seeding ……………………………………………….69 
x 
 Figure 16.  Percent (%) turf cover ratings from 2004 of herbicide effects on Poa annua 
  applied two weeks after seeding ………………………………………...72 
 
Figure 17.  Percent (%) turf cover ratings from 2004 of herbicide effects on Poa annua 
  applied four weeks after seeding ………………………………………...75 
 
Figure 18.  Percent (%) turf cover ratings from 2005 of herbicide effects on Poa annua 
  applied the day of seeding ……………………………………………….78 
 
Figure 19.  Percent (%) turf cover ratings from 2005 of herbicide effects on Poa annua 
  applied two weeks after seeding ………………………………………...83 
 
Figure 20.  Percent (%) turf cover ratings from 2005 of herbicide effects on Poa annua 
  applied four weeks after seeding ……………………………………...…86 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xi
 List of Files 
 
berm04Agraph.tif    8.03 MB 
 
berm04Bgraph.tif    8.03 MB 
 
berm05Agraph.tif    8.03 MB 
 
berm05Bgraph.tif    8.03 MB 
 
zenithappAgraph.tif    8.03 MB 
 
zenithappBgraph.tif    8.03 MB 
 
compappAgraph.tif    8.03 MB 
 
compappaBgraph.tif    8.03 MB 
 
bent04Agraph.tif    8.03 MB 
 
bent04Bgraph.tif    8.03 MB 
 
bent04Cgraph.tif    8.03 MB 
 
bent05Agraph.tif    8.03 MB 
 
bent05Bgraph.tif    8.03 MB 
 
bent05Cgraph.tif    8.03 MB 
 
poa04Agraph.tif    8.03 MB 
 
poa04Bgraph.tif    8.03 MB 
 
poa04Cgraph.tif    8.03 MB 
 
poa05Agraph.tif    8.03 MB 
 
poa05Bgraph.tif    8.03 MB 
 
poa05Cgraph.tif    8.03 MB 
 
 
 
1
   Chapter One 
 
Introduction 
A weed is any plant growing in an undesired location.  Herbicides are used to 
remove these unwanted species from the desired crop. Synthetic herbicides have been 
used since the 1940’s to improve crop quality and yield.  The first commercially available 
synthetic herbicide was 2,4-dichlorophenoxyacetic acid (2,4-D) and it is still one of the 
most commonly used herbicides in the world (Anonymous, 2005a).  Over the years, new 
classes of herbicides have been developed to target specific classes of unwanted plants.  
Some are directed toward the removal of monocots while others target dicots.  The 
development of herbicides that target specific types of plants within a planting has 
revolutionized the herbicide industry.   
Acetolactate synthase (ALS), or acetohydroxy acid synthase (AHAS), is the first 
enzyme in branched chain amino acid synthesis used as an herbicide .  This enzyme is 
critical in the production of three essential aromatic amino acids: valine, leucine, and 
isoleucine.  The inhibition of this primary enzyme prevents DNA synthesis and cell 
growth.  This is often a slow process but leads to eventual death.   
There are several families in the class of ALS inhibiting herbicides.  They include 
sulfonylurea, imidazolinone, pyrimidinyl benzoates, triazolopyrimidines, and 
sulfonylaminocarbonyltriazolinone (Anonymous, 2005b).  ALS-inhibiting herbicides 
were first developed in the mid 1970’s by George Levitt, a scientist working for the 
DuPont Company.  The first commercially available ALS inhibitor was chlorosulfuron, a 
sulfonylurea, patented and marketed under the name Glean, used to control broadleaf 
weeds in wheat (Triticum spp.) production (Flogel, 1998).  Since then, there have been 
many different types of ALS inhibitors introduced for uses in agronomic crops such as 
corn (Zea mays), soybean (Glycine max), wheat, barley (Hordeum vulgare), rice (Oryza 
spp.) and several other small grains.  Most ALS inhibiting herbicides differ in their 
molecular structure but slight structural changes can greatly reduce herbicide selectivity.  
Significant damage to desirable species can occur  if the wrong herbicide is applied 
(Thomas, 2005). 
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 ALS inhibitors are desired by many growers because of extremely low use rates.  
ALS inhibitors are applied in milligrams, grams, or ounces per acre where as most other 
herbicide families are applied in pounds or gallons per acre.  Since the introduction of 
these active ingredients, overall use of herbicides has declined by about 200 million 
pounds each year (Bhardwaj, 2005).  ALS inhibitors have a relatively low mammalian 
toxicity because they target the ALS enzyme which mammals do not possess.  Most 
crops have the ability to degrade ALS herbicides before they can cause damage while the 
weedy species remain susceptible to the inhibitor.  By applying lower rates of active 
ingredient, the residual activity is likewise much lower.  Damage to sensitive species can 
occur if the application is followed by irrigation or a rainfall event as particles from the 
application are likely still present on the leaf surface (Waltz and Murphy, 2004).  The 
movement of water from the application site to a sensitive species through runoff could 
cause unwanted damage to desirable species. 
 The increased use of ALS inhibitors since the 1980’s, along with the low active 
ingredient rates of application, has caused an increase in the number and species of weeds 
showing some tolerance or resistance to their mode of action.  As with any herbicide 
family, repeated use of the same mode of action allows some species to build resistance 
to that particular mode of action.  In this case, the number of resistant weeds grows every 
year.  Lee and Owen, (1999), conducted a study in Iowa to determine the cause of 
resistance of several biotypes of common cocklebur (Xanthium strumarium) to ALS 
inhibiting herbicides.  These biotypes were selected for their observed tolerance or 
sensitivity to imazethapyr.  It was determined that the two resistant types were six to nine 
times more resistant than the sensitive biotype.  Their resistance was attributed to a  
common point mutation from a single dominant gene present also in corn (Lee 1999).   
As stated preciously, most ALS inhibitors differ in their chemical structure but 
widely in their efficacy for target species.  This chemical variation can aid growers in that 
a species tolerant to a particular ALS inhibitor may be highly susceptible to another.  A 
study conducted in Louisiana showed that imidazolinone-tolerant rice was studied for 
cross-tolerance to other ALS inhibitors (Webster and Masson, 2000).  The study 
determined that there are other ALS inhibitors able to control the weedy species with 
minimal damage to rice.  Growers are now advised to include another type of herbicide in 
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 their applications to reduce the risk of species resistance.  As of 2002, there were 
approximately 22 monocot and 48 dicot weedy species suspected of exhibiting ALS 
resistance (Tranel and Wright, 2002). As of 2005, there were 95 weeds reported 
worldwide to be resistant to ALS inhibitors (Heap, 2005). 
The use of ALS inhibitors in turfgrasses first began in the early 1990’s, with both 
the Scotts company and Lesco introducing registrations for metsulfuron and 
chlorosulfuron, respectively (Keese et al., 2005).  Since then, research has been 
conducted to evaluate ALS herbicides on mature stands of grasses for their ability to 
selectively kill unwanted weedy species.  A study was conducted in Virginia where cool 
season grasses grown for sod production are often invaded by Italian ryegrass (Lolium 
multiflorum).  Italian ryegrass is used as a forage grass and ground cover.  The infestation 
of Italian ryegrass in sod production is very problematic and there is not a good control 
measure in place.  This study looked at several different ALS inhibitors applied to either 
a monoculture of tall fescue (Festuca arundinacea) or a 90:10 fescue and Kentucky 
bluegrass (Poa pratensis L.) population (Beam 2004).  Chlorosulfuron, diclofop, 
fluazifop plus fenoxaprop, and metsulfuron showed less than 50% control of Italian 
ryegrass at 10 weeks after initial treatment.  Nicosulfuron showed 69-95% control of 
Italian ryegrass with 10% or less turf injury 10 weeks after initial treatment. With all 
applications, some turf damage occurred or there was insufficient control of Italian 
ryegrass.  Nicosulfuron indicated the best control of Italian ryegrass and the least turf 
damage. 
Much research has been conducted to study the tolerance of turfgrasses to 
herbicide applications.  Some species are very tolerant while others are extremely 
sensitive.  Species tolerance at different developmental stages also varies.  Herbicides 
applied to mature grasses can cause different injuries and severity of injuries than will the 
same herbicides applied to seedling or early postemergent grasses.  Typically the severity 
of injury decreases as age of the planting increases.  Buffalograss (Buchloe dactyloides) 
is a native warm season turfgrass found mostly in the mid-western United States.  It is a 
relatively low-maintenance grass and is quite tolerant to heat and drought conditions.  
Weed pressure in established stands is minimal as buffalograss is spread through 
stoloniferous growth.  However, during establishment, buffalograss may experience 
4
 significant stand reduction due to weed pressure.  Research was conducted to evaluate 
the tolerance of buffalograss to both preemergent and postemergent herbicides in 
Nebraska and Arkansas.  Several herbicides, including some ALS inhibitors, were tested 
on seedling buffalograsses and evaluated on a visual injury scale.  Results indicated that 
buffalograss was sufficiently tolerant to herbicides typically used on other warm season 
grasses, such as foramsulfuron, imazapic, metsulfuron, MSMA, oxadiazon, 
pendimethalin, prodiamine, quinclorac, rimsulfuron, simazine, and trifloxysulfuron-
sodium.  Of particular interest, seedling buffalograss showed excellent tolerance to 
herbicides in the sulfonylurea family (Goss et al., 2006).   
Another study was conducted to determine the tolerance of several turfgrass 
species to ALS inhibitors.  The species tested were annual ryegrass (Lolium multiflorum 
L.), Kentucky bluegrass, creeping bentgrass (Agrostis stolonifera L.), perennial ryegrass 
(Lolium perenne L.), tall fescue (Festuca arundinacea Schreb.), bermudagrass (Cynodon 
dactylon L.), and zoysiagrass (Zoysia japonica Steud.).  Plots were treated with 
foramsulfuron, trifloxysulfuron, flazasulfuron, rimsulfuron, sulfosulfuron, metsulfuron, 
chlorosulfuron and bispyribac-sodium.  These are all ALS inhibitors though they differ in 
their families.  Each herbicide was applied at 2 different rates and was evaluated for 
phytotoxic activity and percent of plot death.  Results varied over the two year study but 
overall showed that warm season grasses were highly tolerant to the application of these 
ALS herbicides while the cool season grasses showed a much greater variability.  Annual 
bluegrass, annual ryegrass and perennial ryegrass all showed significant damage from 
these herbicides.  The tall fescue plots exhibited a great deal of damage as well except for 
the bispyribac-sodium application (Harrell et al., 2005). 
Herbicide applications should be made when they will be most effective at 
removing the unwanted plant from the desired species.  Timing of these applications is 
critical to the overall quality of the existing turf.  This is especially true with 
bermudagrasses and zoysiagrasses in the transition zone.  Warm season grasses begin 
going dormant in October and begin breaking dormancy in late April in this climatic 
zone.  During this time of dormancy, it is possible to have a reduction in stand due to 
winterkill of less tolerant cultivars.  In such a case, it is likely that weeds present in the 
soil would emerge before the grass breaks dormancy and resumes active growth.    The 
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 application of a preemergent herbicide to prevent any weed growth if winter kill should 
occur is possible as the dormant turf is less likely to be affected.  However, it is possible 
that the application of this preemergent could in fact inhibit the ability of the bermuda or 
zoysia to vegetatively establish.  Fagerness et al. (2001), conducted a study in North 
Carolina to determine the timing effects of six preemergent herbicides on the 
establishment of vegetatively propagated bermudagrasses and zoysiagrasses.  Six 
preemergent herbicides, oxadiazon, benefin plus trifluralin, oryzalin, prodiamine, 
dithiopyr and pendimethalin, were applied at label rates in the fall and at or below label 
rates in the spring.  Only two, prodiamine and dithiopyr, caused significant suppression 
of the grasses as spring dormancy broke.  Any delay in breaking dormancy and returning 
to active growth can increase the risk of weedy competition. 
A process called “overseeding” is used widely by southern US turf managers who 
prefer an aesthetically pleasing surface during winter when their warm season grasses go 
dormant.  Overseeding can be beneficial in reducing the damage to the dormant grass 
while still providing a green surface.  Typically a cool season grass, such as annual or 
perennial ryegrass or Kentucky bluegrass is seeded directly into the existing turf a few 
weeks before the first killing frost.   Spring transition time, when the over-seeded cool 
season grasses need to be eliminated so that the established warm season grasses can 
break dormancy and begin seasonal growth, is also a critical time for turf managers.  
There are many different options for removing the over-seeded cool season grass from 
the warm season stand.  Some species used for overseeding are relative ly easy to remove 
while others are quite difficult.  Research has been done to look at several different 
herbicides to aid in this transition.  One particular study was conducted to test several 
different sulfonylurea herbicides for use during spring transition.  These herbicides were 
applied in the spring and early summer to bermudagrasses that had been overseeded with 
ryegrass.  Applications were made from the middle of April to the end of June.  Most 
applications showed some elimination of ryegrass, though 2 herbicides, sulfosulfuron and 
metsulfuron, were the least productive, particularly in the earlier applications (Umeda 
and Towers, 2004). 
Bermudagrass and zoysiagrass have primarily been propagated from vegetative 
plant parts, either through sprigs or sod.  This can be a costly method of establishment.  
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 Recently, improved seeded varieties have been developed that can be established easily 
and provide the same quality standard as vegetative sprigs or sod. Because both 
zoysiagrass and bermudagrass seedlings are poor competitors with the many annual 
weeds, seedling establishment is the most critical time to control weeds.  Newly seeded 
grasses are particularly prone to infestation by weeds either from the seed source or the 
seed bed.  Very little work has been done to test the possible effects of herbicides on 
newly seeded and emerging grasses.   
Research has been conducted to study seeded varieties of both bermudagrass and 
zoysiagrass.  One such study evaluated seeding date, seeding rate, fertility and 
preemergent and early postemergent herbicide effects on both bermudagrasses and 
zoysiagrasses. It was determined that fertility after the first month of establishment did 
not increase the density of the stand nor did it enhance the ability of the turf to survive the 
winter.  Seeding rates showed similar overall coverage to one another after 6 weeks of 
growth.  Seeding date for bermudagrass was productive from May through August while 
zoysiagrass had declining results as the date increased past June 15.  Herbicide tolerance 
was similar for both species.  Neither bermuda nor zoysia was dramatically injured by 
quinclorac, a postemergent product.  However, both were detrimentally affected by 
dithiopyr in both the preemergent application and the 0 week application (Patton et al., 
2004).  Another study looked at the effects of several different herbicides used on mature 
stands of bermudagrass, on newly emerged seeded varieties.  In this study, varieties were 
seeded and subsequently sprayed 1, 2 or 4 weeks after emergence.  Varieties were 
visually rated for injury 3, 5, 7, 15 and 30 days after treatment and percent turf cover was 
rated at 30 and 60 days after treatment.  This study was also conducted in a greenhouse 
environment following the same guidelines.  The results showed that application timing 
was irrelevant as related to injury severity.  Two herbicides, diclofop and metsulfuron, 
caused significant damage while the others, MSMA, clopyralid, dicamba, 2,4-D amine, 
and quinclorac, caused much less injury.  Injury was the same with the greenhouse study.   
All bermudagrass seedlings recovered within 30 days after treatment (McCalla et al., 
2004).   
Another study, conducted in New Jersey, evaluated visual chlorosis and clipping 
weight on several species of cool season grasses treated with increasing rates, from 6 to 
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 67 grams per hectare, of sulfosulfuron.  The species tested were Kentucky bluegrass, 
perennial ryegrass, tall fescue and Chewings fine fescue (Festuca rubria L.).  As with 
earlier studies, all species treated experienced some discoloration and stunting.   The fine 
fescue showed only intermediate tolerance while the greatest reduction was exhibited in 
the tall fescue (Lycan and Hart, 2003).  All other species recovered almost completely. 
 As genetically modified crops are becoming more widely used, resistance by 
weeds and other species is becoming more prevalent.  More research is needed to look for 
alternative  control measures for potentially problematic weeds that could develop 
tolerance to glyphosate products.  A study examining the effects of several herbicides, 
including ALS inhibitors, was conducted in North Carolina to determine if susceptible 
and glyphosate resistant populations of creeping bentgrass could be controlled with 
something other than glyphosate.  Glyphosate, glufosinate, fluazifop-P, clethodim, 
sethoxydim, and glyphosate plus fluazifop-P, were all tested on both tolerant and 
susceptible bentgrass plants.  Fluazifop-P, clethodim and sethoxydim had acceptable 
activity on all bentgrass species tested and would be considered acceptable options for 
controlling bentgrasses, resistant or sensitive to glyphosate.    Two applications of 
glyphosate were used and achieved 98% control of the susceptible species (Hart et al., 
2003).   
ALS inhibiting herbicides have recently been used to eliminate weedy species of 
both grasses and broadleaf herbicides in mature stands of grasses.  Poa annua L., or 
annual bluegrass, is a common problem for turfgrass managers.  P. annua is a prolific 
seed producer and can be reproductive at any time during the growing season.  Because 
annual bluegrass is such a universal problem, turf managers are constantly looking for a 
way to selectively remove this weedy grass but reduce the damage to their desired 
species.   However, little is known about what effects this family of herbicides has on 
newly seeded and early emerging turfgrasses.  Since this is the most critical time during 
establishment, research is needed to evaluate the efficacy of several different ALS 
herbicides on weedy species that are present in the soil seed bank or the seed source.  
Competition from weeds can cause significant reduction in stand because the newly 
emerging grass seedlings are competing for water, nutrients and sunlight.  Determining 
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 which herbicides can be applied at the earliest possible time to reduce competition from 
weeds and cause minimal damage to the desired turf is the premise for this research.   
Bispyribac-sodium is becoming one of the tools turf managers are turning to for 
control of Poa annua.  This particular species is problematic in just about every area of 
turf management.  In cases where cool season grasses, such as creeping bentgrass tees 
and fairways,  are highly managed and utilized, annual bluegrass eradication is difficult 
to achieve.  Though products exist that will reduce the population of annual bluegrass, it 
is not feasible to wipe out the population and reduce the cover of desired species.  
Research has been conducted to look at the effects of several plant growth regulators 
(PGRs) as a possible means to control annual bluegrass growth in areas of creeping 
bentgrass managed as golf course greens and fairways.  Though bispyribac-sodium is not 
a plant growth regulator, it was included in this research project.  The results show that 
applications of bispyribac-sodium made to highly managed areas of creeping bentgrass 
produced desirable results in the area of annual bluegrass control and overall turf 
coverage (Branham and Calhoun, 2005).  Over-seeding in areas where bispyribac-sodium 
has been applied show that the safest re-seeding times after an application are from 2 to 6 
weeks after application.  Seeding 1 week after application may reduce ground cover 
(Lycan and Hart, 2005).   
Temperature effects of bispyribac-sodium on control of annual bluegrass have 
been examined.  A growth chamber study was conducted to determine the efficacy of 
bispyribac-sodium on annual bluegrass and the detrimental effects of creeping bentgrass.  
The results show that as temperatures increase, control of annual bluegrass increases with 
lower use rates.  Conversely, as temperatures decrease, damage to creeping bentgrass 
increases and control of annual bluegrass decreases (McCullough and Hart, 2005).  
Another study was conducted to look at the overall efficacy of bispyribac-sodium applied 
at different times throughout the growing season to creeping bentgrass for control of 
annual bluegrass.  Applications were made as 2 split applications, 3 weeks apart at 2 
rates.  This study showed that applications made in the spring and fall when temperatures 
were cooler exhibited less control of annual bluegrass and more injury to the creeping 
bentgrass than applications made during the summer (Lycan and Hart, 2004).  These two 
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 studies agree that temperature does increase efficacy of bispyribac-sodium for annual 
bluegrass control.  
Research has been conducted throughout this region of the United States to 
determine herbicide efficacy on weedy species present in turf.  Monosodium acid 
methanearsonate (MSMA) has been commonly used to control grassy and broadleaf 
weed species within other grasses, particularly bermudagrass, zoysiagrass, and bluegrass 
(Poa spp.) (Helena, 2005).  Some herbicides can be mixed with other herbicides to target 
a broader range of weeds.  This mix is more likely to cause damage to the desirable 
species.  The damage is typically short term discoloration.  MSMA is commonly used in 
conjunction with several of the ALS inhibiting herbicides to control the weedy species at 
a much lower application rate.  Several research studies have been conducted using 
MSMA combined with at least one other herbicide and compared to an ALS inhibitor 
combined with the same herbicide for efficacy and turf damage. 
One such study looked at the effects of several herbicides, including some ALS 
inhibitors, mixed with MSMA and applied to seedling bermudagrass.  Seedling 
establishment is becoming more and more prevalent in highly managed situations.  
Weeds are always a concern when renovations are to be made to an area.  This research 
looked at effects of ALS inhibitors mixed with MSMA on newly emerged bermudagrass 
seedlings.  Applications were made at 2 weeks and 4 weeks after emergence.  Injury and 
stand reduction was monitored for 4 weeks following treatment.  There were two 
applications made that caused significant damage to the seedlings, metribuzin plus 
MSMA and triclopyr plus clopyralid plus MSMA (Richardson et al., 2005). Some initial 
injury was reported with most of the herbicides tested.  However, the seedlings recovered 
quickly and the overall result was that there are several herbicide combinations that are 
relatively safe for seedling bermudagrasses, such as clopyralid plus MSMA, flazasulfuron 
plus MSMA, foramsulfuron plus MSMA, trifloxysulfuron-sodium plus MSMA, 
quinclorac plus MSMA, 2,4-D plus dicamba plus mecocorp plus MSMA, and quinclorac. 
Another study looked at the application of herbicides to seedling bermudagrasses 
at 4 to 8 weeks after seeding, when stolon production is becoming more aggressive.  
Herbicides were applied alone and as pre-packaged mixtures to four bermudagrass 
cultivars.  The premise of this study was to determine which, if any, of these varieties 
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 was the most tolerant to early herbicide applications.  All applications caused damage to 
each variety with the exception of foramsulfuron, which did not cause any damage at any 
date (McElroy et al., 2004).  All other applications, especially those that included 
multiple chemicals, caused injury to the turf. 
Goosegrass (Eleusine indica) is one of the most problematic warm season weedy 
species of grass in sports and golf turf.  Previously, MSMA was the most widely used 
herbicide to control goosegrass in bermudagrass turf.  Foramsulfuron was evaluated for 
its efficacy in controlling goosegrass in bermudagrass turf.  Both herbicides were applied 
with the inclusion of metribuzin.  Foramsulfuron application rates were effective at 0.029 
or 0.044 kg ha-1 mixed with metribuzin at 0.105 to 0.210 kg ha-1.  These rates were 
effective to greater than 85% goosegrass mortality based on canopy area.  Phytotoxicity 
to bermudagrass was temporary and not considerably different than that of MSMA plus 
metribuzin (Busey, 2003).   
The state of Kentucky lies in a climatic transition zone where seasonal 
temperatures reach levels in which warm season grasses can be grown in the warm 
seasons of spring and summer but go dormant early in the fall when cool season grasses 
can be grown.  Neither cool nor warm season grasses are particularly adapted to this area.  
These types of conditions allow for multiple species plantings to provide an aesthetically 
pleasing surface throughout the growing seasons when a single species planting would be 
undesirable.  The cool season grasses are less productive in the warmer seasons and are 
more likely to succumb to the high temperatures common with this temperate region.  
Likewise, the warm season grasses break dormancy late in the spring and go back 
dormant early in the fall.  Several species are not adapted to survive the sometimes harsh 
winter weather in this climate as well. This type of climate makes Kentucky unique in 
that both warm and cool season grasses are grown here throughout the growing seasons.   
Past research has indicated that some species of both warm and cool season 
grasses are at least moderately tolerant to the application of ALS inhibiting herbicides.  
However, very little work has focused on the application of this herbicide class at the 
earliest possible time during establishment and still achieving the desired end result of 
dense, healthy turf with no weeds.  The objective of this research was to evaluate the 
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 effects of ALS inhibiting herbicides on turfgrass establishment, particularly any 
reduction in germination and/or phytotoxic activity. 
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 Chapter Two 
Warm Season Grasses 
Bermudagrass Studies 
Materials and Methods 
Field trials were conducted at the University of Kentucky’s Agricultural 
Experiment Station, Spindletop Farm, located in Fayette County, Kentucky.  The trials 
were established in the late spring of 2004 and 2005.  The soil type was a Maury silt loam 
(fine, mixed, semiactive, mesic Typic Paleudalfs) with 2.5% organic matter and a pH of 
6.4.  All trials were conducted using a randomized complete block design with plot sizes 
of 1.83 m X 3.05 m with four replications in 2004 and three in 2005.  Study sites were 
tilled and fumigated with methyl bromide two weeks prior to seeding to reduce 
competition from weeds.  
Cynodon dactylon var. ‘Riviera’ was seeded 21 June 2004 and 8 June 2005, 
respectively, using a Gandy drop spreader at 681 grams of pure live seed per 93 square 
meters.  Plots were lightly raked to ensure good seed to soil contact.  Twelve treatments 
were applied in this study and an untreated control was included in each replication.  The 
herbicides used were foramsulfuron (Revolver) at 30 grams per hectare (g ha-1), 
metsulfuron-methyl (Manor) at 42 g ha-1, trifloxysulfuron (Monument) 29.41g ha-1, 
flazasulfuron (Katana) at 53 g ha-1, bispyribac-sodium (Velocity) at 112 g ha -1,  and 
rimsulfuron (TranXit) at 35 g ha-1.  Applications were made at two different times.  The 
first of which was a preemergent application that was applied the day of trial 
establishment after seeding of the area was complete.  Treatments were applied using a 
1.5 m spray boom with four 8004 DG flat fan nozzles spaced 50.8 cm apart.  Treatments 
were applied at 0.24 kl ha-1 with a CO2 propellant.  Polyester canvas covers were placed 
over the trial and irrigation was applied as needed to enhance germination.  The covers 
were removed and the postemergent application was made two weeks after trial 
establishment, 8 July 2004, as the seedlings approached three tillers.  Irrigation and 
fertilization were applied as needed to the entire trial for the duration of the study to 
reduce plant stress.  Plots were mowed at least three times per week at 1.59 cm during the 
growing season.  
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 Visual evaluations of percent (%) cover and a color gradient, herein referred to 
as phytotoxicity, were taken weekly until no change seemed apparent.  Phytotoxicity was 
rated on a scale from 1=blue/dark green to 5= acceptable chlorosis to 9= tan/brown/dead 
turf.  Data collected from 2004 is reported in Tables 1-4.  Data collected from 2005 is 
reported in Tables 5-8. 
To evaluate treatments over the total observation period, percent turf cover was 
plotted over time.  The area under the percent cover curve was calculated by the 
following equation:      S n-1 i=1[(X i+1 + Xi)/2][t i+1 - t i] where, Xi = response variable at the 
ith observation, t i = date at the ith observation, and n = number of observation.  Data 
were analyzed using the general linear model procedure of SAS (PROC GLM) and 
means were separated by least significant difference (LSD) with a = 0.05 (SAS Institute, 
1988).  The statistical model used or analysis was:  Y ij = µ + Bi + t j + Ei, where Y ij = 
response variable, µ = overall mean, Bi = random effects of the ith replication, t j = fixed 
effect of the jth treatment, and E ij = random error associated with the response variable in 
the jth treatment of the ith replication. 
 
2004 Results 
 Bermuda data from 2004 are reported by application timing.  The preemergent 
application did result in some initial phytotoxicity from flazasulfuron at 53 g ha-1, 
metsulfuron-methyl at 42 g ha-1, trifloxysulfuron at 29 g ha-1, rimsulfuron at 35 g ha-1 and 
bispyribac-sodium at 112 g ha-1 (Table 1).  However, recovery did occur by the fourth 
and fifth observations.  Foramsulfuron was not significantly different than the control 
plot at any observation.  Percent cover was reduced by the same herbicides through the 
fifth observation, with the exception of rimsulfuron which was not significant by the 
fourth observation.  Recovery did occur by the final observation date (Table 2).  Figure 1 
illustrates percent turf cover data for all observations of preemergent activity.  
 The two week application had much the same results as the preemergent 
application for phytotoxicity.  The greatest phytotoxic activity came from flazasulfuron at 
53 g ha-1, metsulfuron-methyl at 42 g ha-1, trifloxysulfuron at 29 g ha-1, rimsulfuron at 35 
g ha-1 and bispyribac-sodium at 112 g ha-1.  However, recovery time was much faster than 
the preemergent application.  By the fifth observation, there were no significant 
differences between treatments (Table 3).  The first observation showed that all plots had
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 Table 1.  Effect of herbicides applied the day of seeding to Cynodon dactylon var. ‘Riviera’ on visual phytotoxicity  
     (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established 6/21/2004. 
         Observation date* 
Treatment         7/12   7/19    7/26     8/2    8/9    8/16    8/30 
 
Control       3.75 b 4.25 e  3.75 e  2.50 d        2.25 d  2.25 c  1.25 b   
 
Flazasulfuron 53 g ha-1     9.00 a 8.25 a  8.50 a  6.75 a       6.50 a  5.75 a  3.75 a 
 
Metsulfuron-methyl 42 g ha-1        8.50 a 7.00 bc 6.50 bc 4.00 c  5.50 ab 4.75 ab 1.75 b  
 
Trifloxysulfuron 29 g ha-1     8.75 a 7.75 ab 7.75 ab 5.25 b  6.25 a  5.25 a  4.00 a  
 
Foramsulfuron 30 g ha-1     4.25 b 5.25 de 5.00 de 2.50 d  3.25 cd 2.50 c  1.50 b  
 
Rimsulfuron 35 g ha-1          7.75 a 6.25 cd 5.75 cd 3.75 c  4.00 bc 3.50 bc 1.50 b 
 
Bispyribac-sodium 112 g ha-1     9.00 a 8.25 a  8.50 a  6.75 a  6.50 a  5.75 a  3.75 a 
 
 
CV (%)        18.864 11.375  15.301  18.144  22.886  20.4846 39.681 
LSD (0.05)        2.0417 1.1346  1.4856  1.2130  1.6636  1.2933  1.4737  
 
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 2.  Effect of herbicides applied the day of seeding to Cynodon dactylon var. ‘Riviera’ on percent (%) turf cover for  
  observations in 2004.  Trial established 6/21/2004. 
         Observation date* 
Treatment        7/12 7/19  7/26   8/2  8/9  8/16  8/30 
 
Control        79.50 a 84.25 a 82.25 a 84.75 a       93.75 a 90.00 a 98.50 a  
 
Flazasulfuron 53 g ha-1        0.25 c   1.75 c  3.50 d     6.00 c       11.25 d 15.00 d 56.25 b 
 
Metsulfuron-methyl 42 g ha-1        3.00 c 13.75 bc 26.25 c 36.25 b 50.00 c 58.75 b 90.25 a 
 
Trifloxysulfuron 29 g ha-1        1.00 c   3.50 c 12.25 cd 16.00 c 21.25 d 31.25 c 66.25 b 
 
Foramsulfuron 30 g ha-1      56.25 b 70.00 a 70.00 a 80.75 a 80.75 ab 88.75 a 96.00 a 
 
Rimsulfuron 35 g ha-1                    7.50 c 27.50 b 48.75 b 70.75 a 75.00 b 80.00 a 97.25 a 
  
Bispyribac-sodium 112 g ha-1        0.25 c   1.75 c   3.50 d   6.00 c 11.25 d 15.00 d 56.25 b 
 
 
 
CV (%)         68.502 36.459  30.583  25.553  21.401  19.324  9.3459  
LSD           21.48 15.668  15.999  16.296  15.590  15.533  11.122  
*Means followed by the same letter are not significantly different (P=.05).
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Figure 1.  Percent (%) turf cover ratings from 2004 of herbicide effects on  Cynodon  
  dactylon var. 'Riviera' applied the day of seeding 
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 Table 3.  Effect of herbicides applied two weeks after seeding to Cynodon dactylon var. ‘Riviera’ on visual phytotoxicity  
      (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established  
      6/21/2004. Application made 7/8/2004. 
         Observation date* 
Treatment         7/12 7/19  7/26   8/2  8/9  8/16  8/30 
 
Control        2.25 d 3.25 b  2.25 b  1.75 b        2.25 a  2.25 a  1.25 a   
 
Flazasulfuron 53 g ha-1     4.00 bc 4.50 b  4.25 a  2.50 ab      2.25 a  2.50 a  1.00 a 
 
Metsulfuron-methyl 42 g ha-1     4.00 bc 4.75 b  3.50 ab 3.00 a  2.75 a  2.25 a  1.00 a  
 
Trifloxysulfuron 29 g ha-1      4.25 b 4.50 b  3.50 ab 3.00 a  2.75 a  3.00 a  1.00 a  
 
Foramsulfuron 30 g ha-1      2.75 cd 5.00 b  4.50 a  2.50 ab 2.75 a  2.25 a  1.00 a  
 
Rimsulfuron 35 g ha-1                  5.00 ab 4.75 b  4.00 ab 2.00 b  2.25 a  2.00 a  1.25 a 
 
Bispyribac-sodium 112 g ha-1      6.25 a 7.00 a  4.75 a  3.25 a  3.50 a  2.75 a  1.50 a 
 
 
CV (%)         24.755 25.132  32.134  22.586  33.3927 29.346  30.689  
LSD         1.4973 1.8001  1.8243  0.8628  1.2933  1.0588  0.5210  
*Means followed by the same letter are not significantly different (P=.05). 
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 at least 55% cover, with the lowest being bispyribac-sodium (Table 4).  Again, by the 
fifth observation, there were no significant differences between treatments.  Figure 2 
illustrates percent turf cover data for all observations of two week postemergence data. 
  
2005 Results 
The 2005 data were similar to that of 2004.  Flazasulfuron at 53 g ha-1, 
trifloxysulfuron at 29 g ha-1 and bispyribac-sodium at 112 g ha-1 all showed the greatest 
degree of phytotoxicity when applied at seeding (Table 5).  These herbicides contributed 
to the greatest reduction in percent cover as well (Table 6).  By the fourth observation, 
flazasulfuron had recovered significantly to 61.67 percent cover, but was still presenting 
moderate chlorosis at 5.333.  Figure 3 illustrates the percent turf cover across all 
observations for preemergent activity. 
 The two week postemergent treatments in 2005 showed very little difference in 
phytotoxicity throughout.  By the fifth observation date, there were no significant 
differences among treatments (Table 7).  Rimsulfuron showed the greatest reduction in 
percent cover with the postemergent application at 13.33 percent at the first observation 
date.   However, recovery was rapid and by the final observation, all plots were nearly 
fully covered, < 95 % (Table 8).  Figure 4 illustrates percent turf cover across all 
observation dates for postemergent activity.   
 
Discussion 
In both 2004 and 2005, flazasulfuron at 53 g ha-1, trifloxysulfuron at 29 g ha-1 and 
bispyribac-sodium at 112 g ha-1, all showed significant phytotoxicity and less turf cover 
when applied as a preemergent.  These same herbicides also showed the most 
postemergent activity, though both turf cover and phytotoxicity recovery was much 
greater when applied as a postemergent.  Foramsulfuron at 30 g ha-1 was only 
significantly different than the untreated control during the first preemergent observation 
of 2004 for percent cover and the third observation for percent cover and phytotoxicity 
for postemergent activity.  For all other observations, there were no significant 
differences.  The data suggest that foramsulfuron at 30 g ha-1 could be applied as either a 
preemergent or early postemergent with little or no significant detriment to 
bermudagrass.
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 Table 4.  Effect of herbicides applied two weeks after seeding to Cynodon dactylon var. ‘Riviera’ on percent (%) turf cover for  
       observations in 2004.  Trial established 6/21/2004.  Application made 7/8/2004. 
         Observation date* 
Treatment                  7/12 7/19  7/26   8/2  8/9  8/16  8/30 
 
Control      90.75 a 91.75 a 93.50 a 94.75 a       92.50 a 93.75 a          97.75 ab 
 
Flazasulfuron 53 g ha-1    73.75 b 81.25 b 80.00 b 85.00 b      92.50 a 87.5 abc         98.00 a 
 
Metsulfuron-methyl 42 g ha-1    76.25 b 85.0 ab 86.25 ab 87.75 ab 88.75 a 92.5 ab          98.00 a  
 
Trifloxysulfuron 29 g ha-1    71.25 bc 71.25 c 78.75 b 82.00 b 83.75 a 86.25 bc        98.00 a 
 
Foramsulfuron 30 g ha-1    82.50 ab 85.00 ab 81.25 b 89.50 a 92.00 a 93.75 a          98.00 a  
 
Rimsulfuron 35 g ha-1         60.00 cd 81.25 b 81.25 b 90.00 ab 88.75 a 92.5 ab          97.25 ab 
 
Bispyribac-sodium 112 g ha-1    55.00 d 68.75 c 68.75 c 81.25 b 82.50 a 83.75 c          95.25 b 
 
 
 
CV (%)      11.259 8.0774  8.0166  6.7707  10.150  5.4216  1.853  
LSD       12.175 9.6726  9.6934  8.7688  13.371  7.2489  2.6831  
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 2.  Percent (%) turf cover ratings from 2004 of herbicide effects on Cynodon  
  dactylon var. 'Riviera' applied two weeks after seeding 
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 Table 5.  Effect of herbicides applied the day of seeding to Cynodon dactylon var. ‘Riviera’ percent on visual phytotoxicity 
     (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2005.  Trial established 6/8/2005. 
         Observation date* 
Treatment                6/27        7/6            7/15         7/26           8/4     8/11  8/18           8/25 
 
Control               2.333 c      2.333 c     2.333 d     2.333 d     2.333 d     2.333 e 2.333 e         2.333 e 
 
Flazasulfuron 53 g ha-1  5.667 a      5.667 bc   5.333 a     5.333 a      4.333 ab     4.333 cd   4.333 ab       4.000 a 
 
Metsulfuron-methyl 42 g ha-1  3.333 bc    3.333 bc   3.333 bc   3.333 bc    3.333 cd     3.333 cd 3.333 cd       3.333 bc 
 
Trifloxysulfuron 29 g ha-1  4.000 b      3.667 b     3.667 b    3.667 b      3.667 cd      3.667 bc 3.667 bc       3.667 ab 
 
Foramsulfuron 30 g ha-1  3.000 bc    2.667 bc   2.667 cd   2.667 cd    2.667 de      2.667 de 2.667 de       2.667 de 
 
Rimsulfuron 35 g ha-1   3.333 bc    3.333 bc    3.333 bc   3.333 bc    3.000 cde   3.000 cde 3.000 cde      3.000 cd 
 
Bispyribac-sodium 112 g ha-1   7.000 a      6.667 a 5.667 a     5.667 a      4.667 a      4.667 a 4.667 a          4.000 a 
 
 
 
CV (%)    19.212      14.608       14.209       14.209       14.957     14.927 14.927           10.845  
LSD     1.3997       1.0271 0.9509        0.9509  0.9104     0.9104 0.9104           0.6339  
*Means followed by the same letter are not significantly different (P=.05).
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 Table 6.  Effect of herbicides applied the day of seeding to Cynodon dactylon var. ‘Riviera’ on percent (%) turf cover for  
      observations in 2005.  Trial established 6/8/2005. 
         Observation date* 
Treatment           6/27   7/6            7/15             7/26           8/4      8/11 8/18           8/25 
 
Control       58.33 a       96.67 a        99.33 a       100.0 a        100.0 a      100.0 a 100.0 a         100.0 a 
 
Flazasulfuron 53 g ha-1       4.33 b       28.33 cd      38.33 cd      61.67 b       68.33 bc      73.33 ab   78.33ab        83.33 ab 
 
Metsulfuron-methyl 42 g ha-1      18.33 b       61.67 abc    68.33 abc    77.67 ab       84.0 ab      89.33 a 93.33 a         96.67 a 
 
Trifloxysulfuron 29 g ha-1     18.00 b       41.33 bcd    45.00 bcd    51.67 b       55.00 cd      58.33 bc 61.67 bc        65.00 b 
 
Foramsulfuron 30 g ha-1     53.33 a       94.33 a        75.00 ab      98.33 a       99.67 a      100.0 a 100.0 a         100.0 a 
 
Rimsulfuron 35 g ha-1            16.67 b       68.33 ab      96.33 a       78.33 ab      83.33 abc    88.33 a  93.33 a          95.0 a 
 
Bispyribac-sodium 112 g ha-1        3.00 b      12.67 d       16.67 d        20.33 c       26.67 d      31.67 c  36.67 c        41.67 c 
 
 
 
CV (%)         68.794      34.869        30.771    25.069        21.788     19.699 17.556             15.275  
LSD          30.071 35.743        34.330    31.091        28.628     27.084         25.134  22.581  
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 3.  Percent (%) turf cover ratings from 2005 of herbicide effects on Cynodon  
  dactylon var. 'Riviera' applied the day of seeding 
 
24
 Table 7.  Effect of herbicides applied two weeks after seeding to Cynodon dactylon var. ‘Riviera’ on visual phytotoxicity  
     (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2005.  Trial established  
     6/8/2005.  Application made 6/22/2005. 
         Observation date* 
Treatment             6/27        7/6           7/15              7/26  8/4     8/11  8/18           8/25 
 
Control           3.667 ab       3.333 ab    3.000 ab      3.000 ab     3.000 a    3.000 a 3.000 a         3.000 a 
 
Flazasulfuron 53 g ha-1         3.667 ab       3.333 ab    3.333 ab      3.333 ab     3.333 a    3.333 a   3.333 a         3.333 a 
 
Metsulfuron-methyl 42 g ha-1         3.667 ab       3.667 ab    3.667 a        3.667 a       3.000 a    3.000 a 3.000 a         3.000 a 
 
Trifloxysulfuron 29 g ha-1         3.333 b         3.000 b      2.333 b        2.333 b      2.333 a    2.333 a 2.333 a         2.333 a 
 
Foramsulfuron 30 g ha-1         3.667 ab       3.333 ab    2.667 ab      2.667 ab     2.667 a    2.667 a 2.667 a         2.667 a 
 
Rimsulfuron 35 g ha-1          4.667 a         4.000 a      3.333 ab      3.333 ab     3.333 a    3.333 a 3.333 a         3.333 a 
 
Bispyribac-sodium 112 g ha-1            4.000 ab       3.667 ab     3.000 ab      3.000 ab     3.000 a    3.000 a 3.000 a         3.000 a 
 
 
 
CV (%)            16.0322        14.943      19.169        19.169 19.555       19.555 19.555          19.555  
LSD             1.0865       0.9241      1.0393        1.0393 1.0271       1.0271 1.0271          1.0271  
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 8.  Effect of herbicides applied two weeks after seeding to Cynodon dactylon var. ‘Riviera’ on percent (%) turf cover for  
     observations in 2005.  Trial established 6/8/2005.  Application made 6/22/2005. 
         Observation date* 
Treatment         6/27    7/6            7/15              7/26    8/4          8/11   8/18         8/25 
 
Control        55.00 a         92.33 a       88.33 abc      93.33 ab      96.00 ab    98.33 a 100.0 a       100.0 a 
 
Flazasulfuron 53 g ha-1      45.00 ab       81.00 cd     85.00 cd       90.00 abc    94.33 abc   98.33 a   100.0 a       100.0 a 
 
Metsulfuron-methyl 42 g ha-1      46.67 ab       92.33 a       96.67 a         99.33 a        100.0 a      100.0 a 100.0 a       100.0 a 
 
Trifloxysulfuron 29 g ha-1      33.33 ab       66.67 bc     71.67 c         81.67 bc      86.00 bc    91.67 ab 96.67 ab     100.0 a 
 
Foramsulfuron 30 g ha-1      56.00 a         89.00 ab     91.33 ab       94.33 ab      96.67 ab    98.33 a 100.0 a       100.0 a 
 
Rimsulfuron 35 g ha-1            13.33 b         63.33 c       76.67 bc       86.67 abc    92.67 abc  96.67 ab 100.0 a       100.0 a 
 
Bispyribac-sodium 112 g ha-1        20.00 ab       66.67 bc     71.00 c         79.00 c        84.33 c       88.33 b 91.67 b       95.00 b 
 
 
 
CV (%)         53.534          17.401        13.075        9.012    6.810         4.935   3.171         1.903  
LSD          36.644          23.983        19.294      14.299  11.249         8.424   5.547         3.362  
*Means followed by the same letter are not significantly different (P=.05). 
 
26
 
 
Figure 4.  Percent (%) turf cover ratings from 2005 of herbicide effects on Cynodon  
  dactylon var. 'Riviera' applied two weeks after seeding 
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 Zoysiagrass Studies 
Materials and Methods 
Studies were conducted at the University of Kentucky’s Agricultural Experiment 
Station, Spindletop Farm, located in Fayette County, Kentucky.  The trials were 
established in the late spring of 2004 and 2006.  The soil type was a Maury silt loam 
(fine, mixed, semiactive, mesic Typic Paleudalfs) with 2.5% organic matter and a pH of 
6.4.  All trials were conducted using a randomized complete block design with plot sizes 
of 1.83 m X 3.05 m with four replications in 2004 and 2006.  The 2004 location was 
tilled and fumigated with methyl bromide to reduce competition from weeds.  The 2006 
trial was conducted in an area recently renovated that had not been fumigated.   
Zoysia japonica var. ‘Zenith’ and var. ‘Companion’ were seeded 21 June 2004, 
and 16 June 2006, respectively, using a Gandy drop spreader at 681 grams of pure live 
seed per 93 square meters.  Plots were lightly raked to ensure good seed to soil contact.  
Twelve treatments were applied in this study and an untreated control was included in 
each replication.  The herbicides used were foramsulfuron (Revolver) at 30 grams per 
hectare (g ha-1), metsulfuron-methyl (Manor) at 42 g ha-1, trifloxysulfuron (Monument) 
29.41g ha-1, flazasulfuron (Katana) at 53 g ha-1, bispyribac-sodium (Velocity) at 112 g  
ha-1 and rimsulfuron (TranXit) at 35 g ha-1.  Herbicides were applied at two different 
times.  The first of which was applied the day of trial establishment after seeding of the 
area was complete.  Treatments were applied using a 1.524 m spray boom with four 8004 
DG flat fan nozzles spaced 50.8 cm apart.  Treatments were applied at .24 kl ha-1 with a 
CO2 propellant.  Polyester canvas covers were placed over the trial and irrigation was 
applied as needed to enhance germination.  The covers were removed and the 
postemergent application was made two weeks after trial establishment, 8 July 2004, and 
three weeks after trial establishment, 7 July 2006, respectively, as the seedlings 
approached three tillers.  Irrigation and fertilization were applied as needed to the entire 
trial for the duration of the study to reduce plant stress.  Plots were mowed at least three 
times per week at 1.59 cm during the growing season. 
Visual evaluations of percent (%) cover and a color gradient, herein referred to as 
phytotoxicity, were taken weekly until no change seemed apparent.  Phytotoxicity was 
rated on a scale from 1=blue/dark green to 5= acceptable chlorosis to 9= tan/brown/dead 
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 turf.  Data collected from 2004 is reported in Tables 9-12.  Data collected from 2006 is 
reported in Tables 13-16. 
To evaluate treatments over the total observation period, percent turf cover was 
plotted over time.  The area under the percent cover curve was calculated by the 
following equation:      S n-1 i=1[(X i+1 + Xi)/2][t i+1 - t i] where, Xi = response variable at the 
ith observation, t i = date at the ith observation, and n = number of observation.  Data 
were analyzed using the general linear model procedure of SAS (PROC GLM) and 
means were separated by least significant difference (LSD) with a = 0.05 (SAS Institute, 
1988).  The statistical model used or analysis was:  Y ij = µ + Bi + t j + Ei, where Y ij = 
response variable, µ = overall mean, Bi = random effects of the ith replication, t j = fixed 
effect of the jth treatment, and E ij = random error associated with the response variable in 
the jth treatment of the ith replication. 
 
2004 Results 
 Zoysia data from 2004 are reported by application timing.  The preemergent 
treatments showed significant phytotoxicity (Table 9) and reduced turf cover (Table 10) 
from all herbicidal treatments for the duration of the observations.  The greatest activity 
was from flazasulfuron at 53 g ha-1, metsulfuron-methyl at 42 g ha-1, and bispyribac-
sodium at 112 g ha-1.  Recovery was minimal for both variables for the duration of the 
observations.  Figure 5 illustrates percent turf cover over observation date for 
preemergent activity. 
 The postemergent treatments showed much the same result.  There were 
significant differences in phytotoxicity for all herbicide treatments in comparison to the 
untreated control (Table 11).  The reduction in percent turf cover was much less with the 
postemergent application by the first observation (Table 12).  However, by the second 
observation, metsulfuron-methyl at 42 g ha-1 had significantly reduced percent cover.  
Overall, recovery was moderate from the postemergent application, with the exception of 
metsulfuron-methyl which continued to damage the turf.  Figure 6 illustrates percent turf 
cover over observation date for early postemergent activity.
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 Table 9.  Effect of herbicides applied the day of seeding to Zoysia japonica var. ‘Zenith’ on visual phytotoxicity  
     (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established 6/21/2004. 
         Observation date* 
Treatment          7/12     7/19     7/26   8/2  8/9  8/16  8/30 
 
Control         2.25 c    2.75 c   2.50 c 2.75 c        2.50 c  2.50 d  2.25 e   
 
Flazasulfuron 53 g ha-1       7.25 b    9.00 a   9.00 a 8.75 a       8.00 a  7.75 ab 6.75 bc 
 
Metsulfuron-methyl 42 g ha-1       8.75 a    9.00 a   9.00 a 8.75 a  9.00 a  8.50 a  7.75 ab 
 
Trifloxysulfuron 29 g ha-1       8.25 ab    8.50 a   6.75 b 6.50 b  6.00 b  6.25 bc 5.75 cd 
 
Foramsulfuron 30 g ha-1       8.50 ab    7.00 b   7.25 ab 5.75 b  5.00 b  5.50 c  4.75 d  
 
Rimsulfuron 35 g ha-1        7.50 ab     6.75 b   7.00 b 5.75 b  5.75 b  5.50 c  4.75 d 
 
Bispyribac-sodium 112 g ha-1          8.25 ab     9.00 a    9.00 a 9.00 a  8.75 a  8.25 a  8.00 a 
 
 
CV (%)         13.433     7.5372    18.086 18.024  17.281  17.588  13.546 
LSD (0.05)         1.4468     0.8318    1.9383 1.8074  1.6503  1.6424  1.1500  
 
*Means followed by the same letter are not significantly different (P=.05).
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 Table 10.  Effect of herbicides applied the day of seeding to Zoysia japonica var. ‘Zenith’ on percent (%) turf cover for observations 
  in 2004.  Trial established 6/21/2004. 
         Observation date* 
Treatment         7/12     7/19     7/26      8/2     8/9  8/16  8/30 
 
Control       12.25 a  11.25 a 20.25 a 23.75 a       43.75 a 47.50 a          58.75 a  
 
Flazasulfuron 53 g ha-1       8.75 ab    0.00 c   1.00 b   1.00 bc     1.50 b   2.00 c 3.00 c 
 
Metsulfuron-methyl 42 g ha-1       0.25 c    0.00 c   0.00 b   0.25 c              0.25 b   0.50 c 1.25 c  
 
Trifloxysulfuron 29 g ha-1       2.50 bc    1.00 c   3.75 b   6.25 bc   8.75 b   9.50 bc 9.00 bc 
 
Foramsulfuron 30 g ha-1       1.00 bc    2.00 bc   3.00 b   5.25 bc   5.25 b   6.25 bc 7.00 bc 
 
Rimsulfuron 35 g ha-1        3.75 bc    3.75 b   5.75 b   7.00 b 10.75 b 12.50 b          17.50 b 
 
Bispyribac-sodium 112 g ha-1       1.75 bc    0.00 c   0.00 b   0.25 c   0.75 b   1.00 c 0.50 c 
 
 
 
CV (%)     125.6428   53.951  91.701   71.263  70.005 41.344  55.34  
LSD      8.0660   2.0609  6.5681   6.6166  10.548 6.9540  1.1500  
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 5.  Percent (%) turf cover ratings from 2004 of herbicide effects on Zoysia   
  japonica  var. 'Zenith' applied the day of seeding 
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 Table 11.  Effect of herbicides applied two weeks after seeding to Zoysia japonica var. ‘Zenith’ on visual phytotoxicity    
       (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established   
       6/21/2004. Application made 7/8/2004. 
         Observation date* 
Treatment       7/12   7/19  7/26   8/2  8/9  8/16  8/30 
 
Control     1.75 b 2.50 d  2.25 c  2.25 c        2.25 d  2.25 a  2.25 d   
 
Flazasulfuron 53 g ha-1   5.75 a 6.25 bc 5.00 b  6.50 b       5.50 bc 2.50 a  3.75 cd 
 
Metsulfuron-methyl 42 g ha-1   8.00 a 7.75 a  9.00 a  9.00 a  9.00 a  2.25 a  8.00 a  
 
Trifloxysulfuron 29 g ha-1   7.50 a 7.25 ab 5.25 b  5.25 b  5.50 bc 3.00 a  5.75 b  
 
Foramsulfuron 30 g ha-1   7.75 a 7.00 abc 5.50 b  6.00 b  6.25 b  2.25 a  5.50 b  
 
Rimsulfuron 35 g ha-1    5.50 a 6.00 c  5.25 b  5.50 b  4.75 c  2.00 a  4.50 bc 
 
Bispyribac-sodium 112 g ha-1    7.50 a 7.00 abc 5.75 b  5.75 b  5.00 bc 2.75 a  4.50 bc 
 
 
CV (%)   29.626  11.379  23.894  23.343  18.228  21.234  30.689  
LSD    2.7508  1.0505  1.9270  1.9940  1.4797  1.5434  0.5210  
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 12.  Effect of herbicides applied two weeks after seeding to Zoysia japonica var. ‘Zenith’ on percent (%) turf cover for    
       observations in 2004.  Trial established 6/21/2004.  Application made 7/8/2004. 
         Observation date* 
Treatment       7/12     7/19  7/26   8/2  8/9  8/16  8/30 
 
Control    11.00 a 10.75 a 16.25 a 18.75 a       38.75 a 43.75 a          50.00 a  
 
Flazasulfuron 53 g ha-1  11.50 a   6.75 abc 10.00 ab   7.75 b      13.25 bc 21.25 b          22.50 b 
 
Metsulfuron-methyl 42 g ha-1    2.25 b   1.75 d   1.00 c   0.50 b   0.00 c   1.00 c            1.50 c  
 
Trifloxysulfuron 29 g ha-1    7.50 ab    4.50 bcd   7.25 bc   6.75 b 11.50 bc 11.25 bc        15.00 bc 
 
Foramsulfuron 30 g ha-1    6.25 ab    3.25 cd   7.75 bc   5.25 b   5.75 c 10.25 bc        15.75 bc  
 
Rimsulfuron 35 g ha-1     9.25 ab    8.25 ab   9.75 ab 15.50 b 24.25 b 21.25 b          28.75 b 
 
Bispyribac-sodium 112 g ha-1      7.00 ab    8.50 ab   8.75 b   6.50 b 11.25 bc 14.50 b          13.75 bc 
 
 
 
CV (%)       73.261     47.479     57.002   58.082  61.474  49.22            61.168  
LSD        8.5124     4.4083     7.3491   7.6486  13.666  12.877          19.115  
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 6.  Percent (%) turf cover ratings from 2004 of herbicide effects on Zoysia   
  japonica  var. 'Zenith' applied two weeks after seeding 
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 2006 Results  
The 2006 preemergent application showed similar effects.  Flazasulfuron at 53 g 
ha-1, trifloxysulfuron at 29 g ha-1, and bispyribac-sodium at 112 g ha-1 had the greatest 
phytotoxic activity (Table 13). This remained constant for the duration of the study.  
Percent turf cover was relatively similar over all observation dates (Table 14).  By the 
fifth observation, there were no statistical differences among treatments for percent turf 
cover.  Figure 7 illustrates percent turf cover over observation date for preemergent 
activity. 
 The postemergent application showed that rimsulfuron at 35 g ha-1 had the 
greatest phytotoxic activity though it was not significantly different than the control 
(Table 15).  By the fifth observation, there were no significant differences among 
treatments.  Rimsulfuron at 35 g ha-1 caused the greatest reduction in percent turf cover, 
but not significantly different than bispyribac-sodium at 112 g ha-1 and trifloxysulfuron at 
29 g ha-1 (Table 16).  By the seventh observation, all treatments were < 90% turf cover. 
Figure 8 illustrates percent turf cover over observation date for postemergent activity.  
 
Discussion 
 In 2004, bispyribac-sodium at 112 g ha-1, metsulfuron-methyl 42 g ha-1, and 
flazasulfuron at 53 g ha-1, at  applied at seeding, did the most overall damage to Zenith 
zoysiagrass.  However, for early postemergent activity, metsulfuron-methyl at 42 g ha-1 
caused significantly greater phytotoxicity and reduced percent turf cover.  Based on the 
data presented, none of the herbicides tested in this trial would yield acceptable results 
for preemergent or early postemergent use by turf managers because of the significant 
damage in both phytotoxicity and reduced cover. 
 In 2006, flazasulfuron at 53 g ha-1, trifloxysulfuron at 29 g ha-1 and bispyribac-
sodium at 112 g ha-1 all caused significant damage in both phytotoxicity and reduced turf 
cover when applied as a preemergent to Companion zoysiagrass.  For the early 
postemergence application, rimsulfuron at 35 g ha-1, bispyribac-sodium at 112 g ha-1 and 
trifloxysulfuron at 29 g ha-1 all initially reduced turf cover.  Both rimsulfuron at 35 g ha-1 
and bispyribac-sodium at 112 g ha-1 showed the greatest initial phytotoxic activity.  Near 
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 Table 13.  Effect of herbicides applied the day of seeding to Zoysia japonica var. ‘Companion’ on visual phytotoxicity  
      (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2006.  Trial established 6/16/2006. 
          Observation date* 
Treatment       6/30      7/7         7/14      7/21  7/28       8/4     8/11  8/18 
 
Control      2.33 c          2.33 c        2.33 d    2.33 d 2.33 e        2.33 e   2.33 e 2.33 e 
 
Flazasulfuron 53 g ha-1    5.67 a          5.67 a           5.33 a          5.33 a      4.33 ab       4.33 ab       4.33 ab 4.00 a  
 
Metsulfuron-methyl 42 g ha-1    3.33 bc        3.33 bc        3.33 bc    3.33 bc      3.33 cd       3.33 cd       3.33 cd 3.33 bc 
 
Trifloxysulfuron 29 g ha-1    4.00 b          3.67 b          3.67 b          3.67 b 3.67 bc       3.67 bc       3.67 bc 3.67 ab 
 
Foramsulfuron 30 g ha-1    3.00 bc        2.67 bc        2.67 cd        2.67 cd 2.67 de      2.67 de        2.67 de 2.67 de 
 
Rimsulfuron 35 g ha-1     3.33 bc        3.33 bc        3.33 bc        3.33 bc 3.00 cde     3.00 cde      3.00 cde 3.00 cd 
 
Bispyribac-sodium 112 g ha-1    7.00 a          6.67 a        5.67 a          5.67 a 4.67 a         4.67 a          4.67 a 4.00 a 
 
 
 
CV (%)    19.212           14.608        14.209          14.209 14.927        14.927     14.927 10.845  
LSD     1.3997           1.0271        0.9509          0.9509 0.9104        0.9104     0.9104 0.6339  
 
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 14.  Effect of herbicides applied the day of seeding to Zoysia japonica var. ‘Companion’ on percent (%) turf cover for  
        observations in 2006.  Trial established 6/16/2006. 
          Observation date* 
Treatment       6/30      7/7         7/14      7/21    7/28          8/4    8/11  8/18 
 
Control     58.33 a        96.67 a        99.33 a    100.0 a 100.0 a       100.0 a    100.0 a      100.0 a  
 
Flazasulfuron 53 g ha-1    4.33 c         28.33 d          38.33 d        61.67 b      68.33 bc     73.33 ab      78.33 ab    83.33 ab  
 
Metsulfuron-methyl 42 g ha-1   18.33 bc      61.67 c        68.33 c    77.67 ab      84.00 ab     89.33 a        93.33 a      96.67 a  
 
Trifloxysulfuron 29 g ha-1   31.67 b        76.67 bc        78.33 bc      61.67 b 55.00 cd     58.33 bc      61.67 bc    65.00 b 
 
Foramsulfuron 30 g ha-1   70.00 a        94.33 ab        96.33 ab      98.33 b 99.67 a       100.0 a        100.0 a      100.0 a 
 
Rimsulfuron 35 g ha-1    16.67 bc      68.33 c        75.00 c        78.33 ab 83.33 abc    88.33 a        93.33 a      95.00 a 
 
Bispyribac-sodium 112 g ha-1     3.00 c        12.67 d        16.67 e        20.33 b 26.67 d       31.67 c        36.67 c       41.67 c 
 
 
 
CV (%)      47.969         16.857         15.031         20.240 21.788         19.699     17.556 15.275  
LSD       24.666         18.793         18.044         25.616 28.628         27.084     25.134 22.581  
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 7.  Percent (%) turf cover ratings from 2006 of herbicide effects on Zoysia   
  japonica  var. ‘Companion’ applied the day of seeding 
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 Table 15.  Effect of herbicides applied three weeks after seeding to Zoysia japonica var. ‘Companion’ on visual phytotoxicity   
       (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2006.  Trial established   
       6/16/2006. Application made 7/7/2006. 
          Observation date* 
Treatment       6/30      7/7         7/14      7/21  7/28        8/4    8/11  8/18 
 
Control     3.67 ab        3.33 ab       3.00 ab    3.00 ab 3.00 a        3.00 a   3.00 a 3.00 a 
 
Flazasulfuron 53 g ha-1   3.67 ab        3.33 ab        3.33 ab          3.33 ab      3.33 a          3.33 a         3.33 a 3.33 a  
 
Metsulfuron-methyl 42 g ha-1   3.67 ab        3.67 ab       3.67 a    3.67 a      3.00 a          3.00 a         3.00 a 3.00 a  
 
Trifloxysulfuron 29 g ha-1   3.33 b          3.00 b          2.33 b           2.33 b 2.33 a          2.33 a         2.33 a 2.33 a 
 
Foramsulfuron 30 g ha-1   3.67 ab        3.33 ab       2.67 ab         2.67 ab 2.67 a         2.67 a         2.67 a 2.67 a 
 
Rimsulfuron 35 g ha-1    4.67 a          4.00 a       3.33 ab         3.33 ab 3.33 a           3.33 a         3.33 a 3.33 a 
 
Bispyribac-sodium 112 g ha-1   4.00 ab        3.67 ab       3.00 ab         3.00 ab 3.00 a           3.00 a         3.00 a 3.00 a 
 
 
 
CV (%)     16.032          14.943         19.169        19.169 19.555          19.555       19.555 19.555  
LSD      1.0865          0.9241         1.0393        1.0393 1.0271          1.0271       1.0271 1.0271  
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 16.  Effect of herbicides applied three weeks after seeding to Zoysia japonica var. ‘Companion’ on percent (%) turf 
       cover for observations in 2006.  Trial established 6/16/2006.  Application made 7/7/2006. 
         Observation date* 
Treatment       6/30       7/7            7/14         7/21    7/28        8/4      8/11 8/18 
 
Control     55.00 b         83.33 abc       88.33 abc     93.33 ab   96.00 ab       98.33 a     100.0 a 100.0 a 
 
Flazasulfuron 53 g ha-1   45.00 b         81.00 abc       85.00 abc     90.00 abc    94.33 abc     98.33 a      100.0 a 100.0 a 
 
Metsulfuron-methyl 42 g ha-1   46.67 b         92.33 a           96.67 a        99.33 a       100.0 a         100.0 a      100.0 a 100.0 a 
 
Trifloxysulfuron 29 g ha-1   33.33 bc       66.67 bc          71.67 c        81.67 bc   86.00 bc       91.67 ab     96.67 ab 100.0 a 
 
Foramsulfuron 30 g ha-1   80.00 a         89.00 ab          91.33 ab      94.33 ab   96.67 ab       98.33 a       100.0 a 100.0 a 
 
Rimsulfuron 35 g ha-1    13.33 c         63.33 c            76.67 bc      86.67 abc   92.67 abc     96.67 ab     100.0 a 100.0 a 
 
Bispyribac-sodium 112 g ha-1   20.00 c         66.67 bc           71.00 c       79.00 c   84.33 c          88.33 b      91.67 b 95.00 b 
 
 
 
CV (%)     32.294           17.401            13.074        9.0117    6.8097          4.9348       3.1709 1.9034  
LSD      24.075           23.983            19.294        14.299    11.249          8.4236       5.5470 3.3620  
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 8.  Percent (%) turf cover ratings from 2006 of herbicide effects on Zoysia   
  japonica  var. ‘Companion’ applied two weeks after seeding 
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 the end of the study, however, all treatments were not significantly different than the 
untreated control for phytotoxicity and overall percent cover (< 95%).   
 The data presented suggests that Companion zoysiagrass shows excellent 
tolerance to preemergent applications of metsulfuron-methyl at 42 g ha-1, foramsulfuron 
at 30 g ha-1 and rimsulfuron at 35 g ha-1.  Postemergence applications of trifloxysulfuron 
at 29 g ha-1, rimsulfuron at 35 g ha-1 and bispyribac-sodium at 112 g ha-1 caused the 
greatest reduction in percent turf cover initially.  However, 30 days after the application, 
all treatments were < 88% turf cover and no significant difference in phytotoxicity.  This 
suggests that Companion zoysiagrass has excellent tolerance of flazasulfuron at 53 g ha-1, 
metsulfuron-methyl at 42 g ha-1 and foramsulfuron at 30 g ha-1 when applied early 
postemergence. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
43
 Chapter Three 
Cool Season Grasses 
Creeping Bentgrass Studies 
Materials and Methods 
Studies were conducted at the University of Kentucky’s Agricultural Experiment 
Station, Spindletop Farm, located in Fayette County, Kentucky.  The trials were 
established in the early fall of 2004 and 2005.  The soil type was a Maury silt loam (fine, 
mixed, semiactive, mesic Typic Paleudalfs) with 2.5% organic matter and a pH of 6.4.  
All trials were conducted using a randomized complete block design with plot sizes of 
1.83 m X 3.05 m with three replications in 2004 and 2005.  The 2004 location was tilled 
and fumigated with methyl bromide two weeks prior to trial establishment, to reduce 
competition from weeds.  The 2005 area was aerified, verticut and treated with a granular 
soil fumigant two weeks prior to trial establishment, to eliminate any surface weeds. 
  Agrostis stolonifera var. ‘L-93’ was seeded 23 September 2004, and 3 October 
2005, using a Gandy drop spreader at 227 grams of pure live seed per 93 square meters.  
Plots were lightly raked to ensure good seed to soil contact.  Fifteen treatments were 
applied in this study and an untreated control was included in each replication.  The 
herbicides used were foramsulfuron (Revolver) at 15 and 30 grams per hectare (g ha-1), 
siduron (Tupersan) at 2803 g ha-1, bispyribac-sodium (Velocity) at 49 g ha-1, and 
paclobutrazol (Trimmit) at 281 g ha-1.  Applications were made at three different growth 
stages.  The first of which was a preemergent application that was applied the day of trial 
establishment after seeding of the area was complete.  Treatments were applied using a 
1.524 m spray boom with four 8004 DG flat fan nozzles spaced 50.8 cm apart.  
Treatments were applied at .24 kl ha-1 with a CO2 propellant.  Canvas covers were placed 
over the trial and irrigation was applied as needed to enhance germination.  The covers 
were removed and the first postemergent application was made two weeks after trial 
establishment, 7 October 2004 and 17 October 2005, respectively. The second 
postemergent application was made four weeks after trial establishment, 21 October 2004 
and 31 October 2005, respectively.   Irrigation and fertilization were applied as needed to 
the entire trial for the duration of the study to reduce plant stress.  Plots were mowed at 
least three times per week at 1.59 cm during the growing season. 
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 Visual evaluations of percent (%) cover and a color gradient, herein referred to 
as phytotoxicity, were taken weekly until no change seemed apparent.  Phytotoxicity was 
rated on a scale from 1=blue/dark green to 5= acceptable chlorosis to 9= tan/brown/dead 
turf.  Data collected from 2004 was reported in Tables 17-22.  Data collected from 2005 
was reported in Tables 23-28. 
To evaluate treatments over the total observation period, percent turf cover was 
plotted over time.  The area under the percent cover curve was calculated by the 
following equation:      S n-1 i=1[(X i+1 + Xi)/2][t i+1 - t i] where, Xi = response variable at the 
ith observation, t i = date at the ith observation, and n = number of observation.  Data 
were analyzed using the general linear model procedure of SAS (PROC GLM) and 
means were separated by least significant difference (LSD) with a = 0.05 (SAS Institute, 
1988).  The statistical model used or analysis was:  Y ij = µ + Bi + t j + Ei, where Y ij = 
response variable, µ = overall mean, Bi = random effects of the ith replication, t j = fixed 
effect of the jth treatment, and E ij = random error associated with the response variable in 
the jth treatment of the ith replication. 
 
2004 Results 
 Bentgrass data from 2004 were reported by application timing.  The preemergent 
application showed significant phytotoxicity from foramsulfuron at both 15 and 30 g ha-1 
and bispyribac-sodium at 49 g ha-1 (Table 17).  By the final observation, all other 
treatments were not significantly different.  Percent cover was dramatically reduced by 
foramsulfuron at both 15 and 30 g ha-1 as well (Table 18).  The final observation showed 
< 87% turf cover by all treatments except foramsulfuron at both 15 and 30 g ha-1.  Figure 
9 illustrates percent turf cover over observation date for preemergent activity. 
 The early postemergent data shows phytotoxic activity to be most damaging by 
foramsulfuron at both 15 and 30 g ha-1 (Table 19).  There were no differences between 
the other treatments at the two week application in regards to phytotoxicity.  
Foramsulfuron at both 15 and 30 g ha-1 and paclobutrazol at 281 g ha-1 reduced percent 
turf cover after the first postemergent application (Table 20).  By the fourth observation, 
there were no differences between the treatments with the exception of foramsulfuron at 
both 15 and 30 g ha-1.  At the end of the observation period, there were no differences 
 
45
 Table 17.  Effect of herbicides applied the day of seeding to Agrostis stolonifera var. ‘L-93’ on visual phytotoxicity  
      (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established 9/23/2004.  
         Observation date* 
Treatment           10/5       10/13    10/19  10/27  11/7             11/12           11/24 
 
Control         2.00 c       2.33 c    2.00 c  2.67 b       2.00 cd 3.00 b  2.00 b   
 
Foramsulfuron 15 g ha-1       7.00 a       8.00 a    8.00 a  9.00 a       8.67 a  9.00 a  8.67 a 
 
Foramsulfuron 30 g ha-1       7.00 a       8.00 a    7.67 a  9.00 a  8.67 a  9.00 a  8.67 a 
 
Siduron 2803 g ha-1        2.33 c       2.33 c    2.00 c  2.67 a  2.67 b  3.00 b  4.00 b  
 
Paclobutrazol 281 g ha-1      1.00 d       1.00 d    1.00 d  1.00 c  1.67 d  3.00 b  2.00 b  
 
Bispyribac-sodium 112 g ha-1      4.00 b       3.67 b    2.67 b   2.67 b 2.33 bc 2.33 c  2.00 b 
 
 
CV (%)        6.0609      13.444     8.9898   11.097 8.4265  4.8212  30.697  
LSD         0.4288      1.0327     0.6360   0.9197 0.6643  0.4288  2.5441  
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 18.  Effect of herbicides applied the day of seeding to Agrostis stolonifera var. ‘L-93’ on percent (%) turf cover for   
  observations in 2004.  Trial established 9/23/2004. 
         Observation date* 
Treatment         10/5 10/13  10/19   10/27  11/7  11/12  11/24 
 
Control       56.67 a 90.00 a 95.00 a 95.00 a       96.00 a 98.00 a            98.00 a 
 
Foramsulfuron 15 g ha-1      4.33 c   5.00 c     3.00 c   1.00 d        1.33 c   0.00 c   1.67 c 
 
Foramsulfuron 30 g ha-1      4.33 c   5.00 c     3.00 c   0.67 d   1.00 c   0.00 c   0.67 c  
 
Siduron 2803 g ha-1     48.33 a 90.00 a 93.33 a 93.33 a 93.33 ab 98.00 a            98.00 a 
 
Paclobutrazol 281 g ha-1    15.00 b 48.33 b 66.67 b 83.33 b 88.33 ab 98.00 a            98.00 a 
 
Bispyribac-sodium 112 g ha-1    16.67 b 48.33 b 60.00 b 70.00 c 86.00 b 89.33 b            87.67 b 
 
 
CV (%)      22.545 12.626  24.191  9.1235  8.8535  4.7960  6.3023 
LSD       9.9350 10.974  23.545  9.4978  9.8252  5.5745  7.2998 
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 9.  Percent (%) turf cover ratings from 2004 of herbicide effects on Agrostis  
  stolonifera var. ‘L-93’ applied the day of seeding 
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 Table 19.  Effect of herbicides applied two weeks after seeding to Agrostis stolonifera var. ‘L-93’ on visual phytotoxicity  
       (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established 9/23/2004.  
       Application made 10/7/2004. 
         Observation date* 
Treatment        10/5 10/13  10/19   10/27  11/7  11/12  11/24 
 
Control      2.00 bc 2.00 bc 2.00 bc 2.00 bc       2.00 b  3.00 b  2.00 b   
 
Foramsulfuron 15 g ha-1    3.00 a 3.00 a  3.00 a  3.00 a       9.00 a  8.33 a  8.33 a 
 
Foramsulfuron 30 g ha-1    3.00 a 3.00 a  3.00 a  3.00 a  6.33 a  8.33 a  8.33 a 
 
Siduron 2803 g ha-1    2.33 b 2.33 b  2.33 b  2.33 b  1.67 b  2.67 b  2.00 b  
 
Paclobutrazol 281 g ha-1   1.67 c 1.67 c  1.67 c  1.67 c  1.67 b  2.00 b  1.67 b  
 
Bispyribac-sodium 112 g ha-1   2.33 b 2.33 b  2.33 b  2.33 b  2.33 b  3.00 b  2.00 b 
 
 
CV (%)   14.635  14.635  14.635  14.635  53.674  12.461  8.6203 
LSD    0.6360  0.6360  0.6360  0.6360  3.7432  1.0327  0.6360  
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 20.  Effect of herbicides applied two weeks after seeding to Agrostis stolonifera var. ‘L-93’  on percent (%) turf cover for  
       observations in 2004.  Trial established 9/23/2004.  Application made 10/7/2004. 
         Observation date* 
Treatment           10/5   10/13   10/19   10/27  11/7  11/12  11/24 
 
Control        90.00 a   90.00 a 91.67 a 93.33 a       94.33 a 98.00 a            98.00 a 
 
Foramsulfuron 15 g ha-1      71.67 b     71.67 b   78.33 b 43.33 b      53.33 b 98.00 a    75.00 b 
 
Foramsulfuron 30 g ha-1      66.67 b     66.67 b   76.67 b 43.33 b 53.33 b 98.00 a 65.00 b 
 
Siduron 2803 g ha-1       88.33 a   88.33 a 91.67 a 95.00 a 97.00 a 98.00 a            98.00 a 
 
Paclobutrazol 281 g ha-1      71.67 b    71.67 b 85.00 ab 87.67 a 95.00 a 98.00 a            98.00 a 
 
Bispyribac-sodium 112 g ha-1      90.00 a    90.00 a 91.67 a 93.33 a 96.00 a 98.00 a            98.00 a 
 
 
CV (%)        7.0276      7.0276 7.5952  9.6541  6.5580  0.0000    12.817 
LSD         10.193      10.193 11.860  13.348  9.7236  0.0000  20.676 
*Means followed by the same letter are not significantly different (P=.05). 
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 among treatments for percent turf cover.  Figure 10 illustrates percent turf cover over 
observation date for two week postemergence activity. 
 The four week postemergence application data showed foramsulfuron at both 15 
and 30 g ha-1 again had the most phytotoxic activity (Table 21).  By the final observation 
date, there were no differences between the other treatments.  Percent turf cover was 
effected by all treatments except paclobutrazol at 281 g ha-1 (Table 22).  However, by the 
conclusion of the observation period, all treatments had no significant difference except 
for foramsulfuron at 15 g ha-1.  Figure 11 illustrates percent turf cover over observation 
date for four week postemergence activity. 
  
2005 Results 
The 2005 bentgrass data for the preemergent application shows that 
foramsulfuron at both 15 and 30 g ha-1 and paclobutrazol at 281 g ha-1 had initial 
phytotoxic activity (Table 23).  However, by the fourth observation, there were no 
differences among treatments for phytotoxic activity.  Percent turf cover was initially 
reduced by foramsulfuron at both 15 and 30 g ha-1 and paclobutrazol at 281 g ha-1 but 
only the paclobutrazol was significantly different (Table 24).  By the last observation, 
only the foramsulfuron at both 15 and 30 g ha-1 were significantly different from the 
other treatments.  Figure 12 illustrates percent turf cover over observation dates for 
preemergent activity. 
 The two week postemergence application data showed only foramsulfuron at 30 g 
ha-1 having phytotoxic effects on the bentgrass (Table 25).  Percent turf cover was 
reduced most dramatically by foramsulfuron at 15 and 30 g ha-1 (Table 26).  By the final 
observation date, only the foramsulfuron 30 g ha-1 was significantly different from the 
other treatments.  Figure13 illustrates percent turf cover over observation dates for two 
week postemergence activity. 
 The four week postemergence application data showed no significant differences 
in phytotoxicity (Table 27) or percent turf cover (Table 28) for any treatment.  Figure 14 
shows percent turf cover over observation date for four week postemergence activity. 
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Figure 10.  Percent (%) turf cover ratings from 2004 of herbicide effects on Agrostis  
  stolonifera var. ‘L-93’ applied two weeks after seeding 
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 Table 21.  Effect of herbicides applied four weeks after seeding to Agrostis stolonifera var. ‘L-93’ on visual phytotoxicity  
              (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established 9/23/2004.  
        Application made 10/21/2004. 
         Observation date* 
Treatment       10/5  10/13  10/19   10/27  11/7  11/12  11/24 
 
Control     2.33 a 2.33 a  2.33 a  2.33 a       2.00 bc 2.67 b  2.00 b   
 
Foramsulfuron 15 g ha-1   2.67 a 2.67 a  2.67 a  2.67 a       7.00 a  7.00 a  5.33 a 
 
Foramsulfuron 30 g ha-1   3.00 a  3.00 a  3.00 a  3.00 a  6.33 a  7.00 a  5.67 a 
 
Siduron 2803 g ha-1    3.00 a 3.00 a  3.00 a  3.00 a  2.67 b  2.67 b  2.00 b  
 
Paclobutrazol 281 g ha-1   2.33 a 2.33 a  2.33 a  2.33 a  1.33 c  2.67 b  3.00 b  
 
Bispyribac-sodium 112 g ha-1   2.33 a 2.33 a  2.33 a  2.33 a  2.33 bc 3.00 b  2.00 b 
 
 
CV (%)    14.488           14.488            14.488  14.488  20.012  30.984  21.213 
LSD     0.7175           0.7175             0.7175  0.7175  1.3147  2.3487  1.2864  
*Means followed by the same letter are not significantly different (P=.05). 
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Table 22.  Effect of herbicides applied four weeks after seeding to Agrostis stolonifera var. ‘L-93’ on percent (%) turf cover for 
      observations in 2004.  Trial established 9/23/2004.  Application made 10/21/2004. 
         Observation date* 
Treatment         10/5     10/13 10/19   10/27  11/7  11/12  11/24 
 
Control       95.00 a     95.00 a 95.00 a 95.00 a       97.00 a 98.00 a          98.00 a  
 
Foramsulfuron 15 g ha-1     95.00 a       95.00 a 95.00 a 95.00 a      87.33 b 86.67 b          85.00 b 
 
Foramsulfuron 30 g ha-1     95.00 a       95.00 a 95.00 a 95.00 a 91.67 ab 89.33 b          90.00 ab 
 
Siduron 2803 g ha-1      95.00 a     95.00 a 95.00 a 95.00 a 92.67 ab 98.00 a          98.00 a  
 
Paclobutrazol 281 g ha-1     95.00 a     95.00 a 95.00 a 95.00 a 97.00 a 98.00 a          94.33 a  
 
Bispyribac-sodium 112 g ha-1     95.00 a     95.00 a 95.00 a 95.00 a 91.67 ab 98.00 a          98.00 a 
 
 
CV (%)       0.0000     0.0000  0.0000 0.0000  4.7607  3.5822           12.817 
LSD        0.0000     0.0000  0.0000 0.0000  8.0451  6.1694           20.676 
*Means followed by the same letter are not significantly different (P=.05).
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Figure 11.  Percent (%) turf cover ratings from 2004 of herbicide effects on Agrostis  
  stolonifera var. ‘L-93’ applied four weeks after seeding 
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 Table 23.  Effect of herbicides applied the day of seeding to Agrostis stolonifera var. ‘L-93’ on visual phytotoxicity  
      (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2005.  Trial established 10/3/2005.  
        Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    3.33 c  2.00 c  3.00 b  3.00 a       3.00 a      
 
Foramsulfuron 15 g ha-1  6.00 b  4.33 b  3.67 a  2.67 a       2.67 a  
    
Foramsulfuron 30 g ha-1  6.67 ab 5.67 a  4.00 a  3.33 a  3.00 a  
  
Siduron 2803 g ha-1   4.00 c  2.00 c  3.00 b  3.00 a  3.00 a    
 
Paclobutrazol 281 g ha-1  8.00 a  1.33 c  2.00 c  2.33 a  2.33 a    
 
Bispyribac-sodium 112 g ha-1             3.33 c  2.00 c  3.00 b  3.00 a  3.00 a   
 
 
 
CV (%)    20.584  23.364  7.5761  25.015  19.331    
LSD     1.9557  1.2279  0.4288  1.3147  0.9965    
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 24.  Effect of herbicides applied the day of seeding to Agrostis stolonifera var. ‘L-93’ on percent (%) turf cover for  
      observations in 2005.  Trial established 10/3/2005. 
         Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    25.00 a 51.67 a 83.33 a 90.00 a       95.00 a     
 
Foramsulfuron 15 g ha-1  12.33 ab 13.33 c 48.33 bc 58.33 bc      71.67 bc  
    
Foramsulfuron 30 g ha-1    6.67 a 15.00 c 30.00 c 45.00 c 61.67 c 
  
Siduron 2803 g ha-1   25.00 a 36.00 b 86.67 a 90.00 a 95.00 a   
 
Paclobutrazol 281 g ha-1    2.00 b 21.67 c 56.67 b 70.00 ab 81.67 ab    
 
Bispyribac-sodium 112 g ha-1  24.33 a 43.33 b 83.33 a 90.00 a 95.00 a  
 
 
 
CV (%)    46.925  18.946  20.423  15.709  11.798    
LSD     13.564  10.398  24.048  21.116  17.887   
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 12.  Percent (%) turf cover ratings from 2005 of herbicide effects on Agrostis  
  stolonifera var. ‘L-93’ applied the day of seeding 
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 Table 25.  Effect of herbicides applied two weeks after seeding to Agrostis stolonifera var. ‘L-93’ on visual phytotoxicity  
        (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2005.  Trial established 10/3/2005.   
        Application made 10/17/2005. 
         Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    3.33 a  2.00 a  3.00 b  3.00 b       3.00 b      
 
Foramsulfuron 15 g ha-1  3.00 a  2.67 a  3.33 b  3.00 b       3.00 b  
    
Foramsulfuron 30 g ha-1  3.00 a  3.00 a  6.00 a  7.67 a  7.67 a  
  
Siduron 2803 g ha-1   3.00 a  2.00 a  3.00 b  3.00 b  3.00 b    
 
Paclobutrazol 281 g ha-1  3.00 a  2.00 a  3.00 b  2.67 b  2.67 b    
 
Bispyribac-sodium 112 g ha-1  3.00 a  2.00 a  3.00 b  3.00 b  3.00 b   
 
 
 
CV (%)    29.068  38.994  6.6291  9.3923  10.316    
LSD     1.6159  1.6159  0.4288  0.6360  0.6360   
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 26.  Effect of herbicides applied two weeks after seeding to Agrostis stolonifera var. ‘L-93’ on percent (%) turf cover for 
   observations in 2005.  Trial established 10/3/2005.  Application made 10/17/2005. 
         Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    25.00 a 51.67 a 83.33 ab 90.00 a       95.00 a     
 
Foramsulfuron 15 g ha-1  28.33 a 26.67 b 61.67 bc 90.00 a      95.00 a 
    
Foramsulfuron 30 g ha-1  28.33 a 28.33 b 50.00 c 66.67 b 78.33 b  
  
Siduron 2803 g ha-1   26.67 a 46.67 a 91.67 a 90.00 a 95.00 a   
 
Paclobutrazol 281 g ha-1  25.00 a 26.67 b 70.00 abc 73.33 ab 85.00 ab    
 
Bispyribac-sodium 112 g ha-1  26.67 a 26.67 ab 86.67 ab 90.00 a 95.00 a  
 
 
 
CV (%)    22.448  13.444  20.213  12.586  9.4387    
LSD     10.890  1.0327  27.171  19.081  15.550   
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 13.  Percent (%) turf cover ratings from 2005 of herbicide effects on Agrostis  
  stolonifera var. ‘L-93’ applied two weeks after seeding 
 
61
 Table 27.  Effect of herbicides applied four weeks after seeding to Agrostis stolonifera var. ‘L-93’ on visual phytotoxicity   
              (1=blue/dk. green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2005.  Trial established 10/3/2005.  
       Application made 10/31/2005. 
         Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    3.33 a  2.00 a  3.00 a  3.00 a       3.00 a      
 
Foramsulfuron 15 g ha-1  3.00 a  2.33 a  3.00 a  3.00 a       3.00 a  
    
Foramsulfuron 30 g ha-1  3.00 a  2.33 a  3.00 a  3.00 a  3.00 a  
  
Siduron 2803 g ha-1   3.00 a  2.33 a  3.00 a  3.00 a  3.00 a    
 
Paclobutrazol 281 g ha-1  3.00 a  2.33 a  3.00 a  3.00 a  3.00 a    
 
Bispyribac-sodium 112 g ha-1  3.00 a  2.00 a  3.00 a  3.00 a  3.00 a   
 
 
 
CV (%)    29.068  13.416  0.0000  0.0000  0.0000    
LSD     1.6159  0.5424  0.0000  0.0000  0.0000   
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 28.  Effect of herbicides applied four weeks after seeding to Agrostis stolonifera var. ‘L-93’ on percent (%) turf cover for  
       observations in 2005.  Trial established 10/3/2005.  Application made 10/31/2005. 
        Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    25.00 a 51.67 a 83.33 a 90.00 a       95.00 a     
 
Foramsulfuron 15 g ha-1  28.33 a 55.00 a 83.33 a 90.00 a      95.00 a 
    
Foramsulfuron 30 g ha-1  28.33 a 46.67 a 76.67 a 90.00 a 95.00 a 
  
Siduron 2803 g ha-1   26.67 a 41.67 a 76.67 a 90.00 a 95.00 a   
 
Paclobutrazol 281 g ha-1  25.00 a 53.33 a 90.00 a 90.00 a 95.00 a   
 
Bispyribac-sodium 112 g ha-1  26.67 a 46.67 a 91.67 a 90.00 a 95.00 a  
 
 
 
CV (%)    22.448  24.979  14.388  0.0000  0.0000    
LSD     10.890  22.343  21.886  0.0000  0.0000   
*Means followed by the same letter are not significantly different (P=.05). 
 
 
63
 
 
 
Figure 14.  Percent (%) turf cover ratings from 2005 of herbicide effects on Agrostis  
  stolonifera var. ‘L-93’ applied four weeks after seeding 
 
64
 Discussion 
 In 2004, foramsulfuron at both 15 and 30 g ha-1 caused significant damage to 
bentgrass seedlings regardless of the time it was applied.  Phytotoxicity was the greatest  
and percent cover was reduced the most with these applications throughout the duration 
of the study.  The data suggests that seedling bentgrass can tolerate both preemergent and 
postemergent applications of siduron at 2803 g ha-1, bispyribac-sodium at 49 g ha-1 and 
paclobutrazol at 281 g ha-1.   
 In 2005, both foramsulfuron at both 15 and 30 g ha-1 and paclobutrazol at 281 g 
ha-1 showed initial phytotoxicity while also reducing percent turf cover for both the 
preemergent and two week postemergent applications.  The four week treatment showed 
no effect.  The data suggests that seedling bentgrass can tolerate applications of siduron 
at 2803 g ha-1, bispyribac-sodium at 49 g ha-1 and paclobutrazol at 281 g ha-1 at any time 
during establishment and that a late application of foramsulfuron at either 15 or 30 g ha-1 
would show no effect.  More research should be conducted to study the effect of 
temperature on herbicide efficacy as it relates to the establishment of cool season grasses.   
 
Poa annua Studies  
Materials and Methods 
Studies were conducted at the University of Kentucky’s Agricultural Experiment 
Station, Spindletop Farm, located in Fayette County, Kentucky.  The trials were 
established in the early fall of 2004 and 2005.  The soil type was a Maury silt loam (fine, 
mixed, semiactive, mesic Typic Paleudalfs) with 2.5% organic matter and a pH of 6.4.  
All trials were conducted using a randomized complete block design with plot sizes of 
1.83 m X 3.05 m with three replications in 2004 and 2005.  The location chosen was an 
area where Poa annua had been known to be present in a uniform stand.  To enhance 
germination and mimic seeding, the area was aerified, verticut and a drag mat was used 
to pull seeds to the surface. 
  Fifteen treatments were applied in this study and an untreated control was 
included in each replication.  The herbicides used were foramsulfuron (Revolver) at 15 
and 30 grams per hectare (g ha-1), siduron (Tupersan) at 2803 g ha-1, bispyribac-sodium 
(Velocity) at 49 g ha -1, and paclobutrazol (Trimmit) at 281 g ha-1.  Applications were 
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 made at three different growth stages.  The first of which was a preemergent application 
that was applied the day of trial establishment after preparation of the area was complete.  
Treatments were applied using a 1.524 m spray boom with four 8004 DG flat fan nozzles 
spaced 50.8 cm apart.  Treatments were applied at .24 kl ha-1 with a CO2 propellant.  
Irrigation was applied as needed to enhance germination.  The first postemergent 
application was made two weeks after trial establishment, 7 October 2004 and 17 October 
2005, respectively. The second postemergent application was made four weeks after trial 
establishment, 21 October 2004 and 31 October 2005, respectively.   Irrigation and 
fertilization were applied as needed to the entire trial for the duration of the study to 
reduce plant stress.  Plots were mowed at least three times per week at 1.59 cm during the 
growing season. 
Visual evaluations of percent (%) cover and a color gradient, herein referred to as 
phytotoxicity, were taken weekly until no change seemed apparent.  Phytotoxicity was 
rated on a scale from 1=blue/dark green to 5= acceptable chlorosis to 9= tan/brown/dead 
turf.  Data collected from 2004 is reported in Tables 29-34.  Data collected from 2005 is 
reported in Tables 35-40. 
To evaluate treatments over the total observation period, percent turf cover was 
plotted over time.  The area under the percent cover curve was calculated by the 
following equation:      S n-1 i=1[(X i+1 + Xi)/2][t i+1 - t i] where, Xi = response variable at the 
ith observation, t i = date at the ith observation, and n = number of observation.  Data 
were analyzed using the general linear model procedure of SAS (PROC GLM) and 
means were separated by least significant difference (LSD) with a = 0.05 (SAS Institute, 
1988).  The statistical model used or analysis was:  Y ij = µ + Bi + t j + Ei, where Y ij = 
response variable, µ = overall mean, Bi = random effects of the ith replication, t j = fixed 
effect of the jth treatment, and E ij = random error associated with the response variable in 
the jth treatment of the ith replication. 
 
2004 Results 
 Poa data from 2004 were reported by application timing.  The preemergent 
application showed significant phytotoxicity from foramsulfuron at both 15 and 30 g ha-1 
and bispyribac-sodium at 49 g ha-1 (Table 29).  By the final observation, all other 
treatments were not significantly different.  Percent cover showed no significant 
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 Table 29.  Effect of herbicides applied the day of seeding to Poa annua L., on visual phytotoxicity (1=blue/dk. 
      green, 5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established 9/23/2004.  
         Observation date* 
Treatment       10/5  10/13  10/19   10/27  11/7  11/12  11/24 
 
Control      5.00 c 5.00 bc 3.33 c  4.00 b       2.00 cd 2.00 b  2.00 b   
 
Foramsulfuron 15 g ha-1    9.00 a 7.67 a  6.67 ab 7.67 a       8.67 a  4.33 b  3.67 ab 
 
Foramsulfuron 30 g ha-1    9.00 a 9.00 a  8.00 a  8.00 a  8.67 a  8.67 a  6.67 a 
 
Siduron 2803 g ha-1     6.00 b 4.67 c  3.33 c  3.67 b  2.67 b  2.00 b  2.00 b  
 
Paclobutrazol 281 g ha-1    5.00 c 5.00 bc 5.00 bc 4.33 b  1.67 d  2.00 b  2.00 b  
 
Bispyribac-sodium 112 g ha-1    8.33 a 7.00 ab 5.00 bc 4.67 b  2.33 bc 2.33 b  2.00 b 
 
 
CV (%)     6.6813 19.311  22.836  12.525  27.575  38.312  63.141  
LSD      0.8576 2.2446  2.1696  1.2279  2.1181  2.4782  3.5099  
*Means followed by the same letter are not significantly different (P=.05). 
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 differences from the preemergent application (Table 30).  However, the final 
observation showed significant differences in percent turf cover from foramsulfuron at 
both 15 and 30 g ha-1.  Figure 15 illustrates percent turf cover over observation date for 
preemergent activity. 
 The early postemergent application data shows phytotoxic activity to be most 
damaging by foramsulfuron at both 15 and 30 g ha-1 and bispyribac-sodium at 49 g ha-1 
(Table 31).  By the fifth observation there were no differences among treatment except 
for foramsulfuron at both 15 and 30 g ha-1.  Foramsulfuron at both 15 and 30 g ha-1 and 
bispyribac-sodium at 49 g ha-1 reduced percent turf cover after the first postemergent 
application (Table 32).  Both siduron at 283 g ha-1 and paclobutrazol at 281 g ha-1 were 
not significantly different from the control.  Figure 16 illustrates percent turf cover over 
observation date for two week postemergence activity. 
 The four week postemergence application data showed foramsulfuron at both 15 
and 30 g ha-1 had the most phytotoxic activity (Table 33).  By the final observation date, 
there were no differences between the other treatments.  Percent turf cover was effected 
by foramsulfuron at 15 g ha-1 most significantly (Table 34).  However, by the conclusion 
of the observation period, all treatments had no significant difference except for 
foramsulfuron at both 15 and 30 g ha-1.  Figure 17 illustrates percent turf cover over 
observation date for four week postemergence activity. 
  
2005 Results 
The 2005 Poa data for the preemergent application shows no significant 
difference between treatments at the first observation (Table 35).  Foramsulfuron at both 
15 and 30 g ha-1 and bispyribac-sodium at 49 g ha-1 were the most phytotoxic by the 
second observation though bispyribac-sodium was not significantly different from the 
control.  Percent turf cover was initially reduced by foramsulfuron at both 15 and 30 g  
ha-1 and paclobutrazol at 281 g ha-1 but not significantly different from the control for the 
first observation (Table 36).  By the last observation, foramsulfuron at both 15 and 30 g 
ha-1 were significantly different from only siduron at 2803 g ha-1.  Figure 18 illustrates 
percent turf cover over observation dates for preemergent activity. 
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 Table 30.  Effect of herbicides applied the day of seeding Poa annua L. on percent (%) turf cover for observations in 2004.  
      Trial established 9/23/2004. 
         Observation date* 
Treatment       10/5  10/13  10/19   10/27  11/7  11/12  11/24 
 
Control      3.67 a 5.67 b  11.67 a 20.00 b       36.67 ab 38.33 ab          78.33 a  
 
Foramsulfuron 15 g ha-1    1.00 a 1.67 d      3.00 bc   1.33 d        7.67 cd   7.33 cd 25.00 b 
 
Foramsulfuron 30 g ha-1    1.00 a 1.00 d               1.67 c   1.00 d   2.00 d   0.33 d   5.67 b 
 
Siduron 2803 g ha-1     5.00 a 5.00 b  15.00 a 30.00 a 48.33 a  50.00 a            81.67 a 
 
Paclobutrazol 281 g ha-1    5.00 a 7.00 a    5.00 b 15.00 bc 23.33 bc 23.33 bc          58.33 a  
 
Bispyribac-sodium 112 g ha-1    1.67 a 3.33 c    6.67 b 11.67 c 20.00 bc 26.67 b            56.67 a 
 
 
CV (%)     34.998          18.321  34.650  32.073  40.964  43.226  32.722 
LSD      1.8394          1.3147  4.5177  7.6827  17.140  19.135  32.327 
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 15.  Percent (%) turf cover ratings from 2004 of herbicide effects on Poa annua L. 
  applied the day of seeding 
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 Table 31.  Effect of herbicides applied two weeks after seeding to Poa annua L. on visual phytotoxicity (1=blue/dk. green,   
        5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established 9/23/2004.     
  Application made 10/7/2004. 
         Observation date* 
Treatment       10/5  10/13  10/19   10/27  11/7  11/12  11/24 
 
Control      5.00 ab 7.67 a  3.67 c  2.00 bc       2.67 b  2.00 b  2.00 b   
 
Foramsulfuron 15 g ha-1    6.33 ab 6.33 a  7.00 ab 3.00 a       9.00 a  9.00 a  8.33 a 
 
Foramsulfuron 30 g ha-1      7.33 a 7.33 a  7.67 a  3.00 a  9.00 a  9.00 a  9.00 a 
 
Siduron 2803 g ha-1     5.67 ab 5.67 a  3.67 c  2.33 b  3.33 b  2.00 b  2.00 b  
 
Paclobutrazol 281 g ha-1    4.33 b 5.33 a  5.33 bc 1.67 c  3.67 b  2.33 b  2.00 b  
 
Bispyribac-sodium 112 g ha-1    6.67 ab 6.67 a  5.33 bc 2.33 b  4.33 b  4.00 b  3.67 b 
 
 
CV (%)      22.285 24.647  18.871  9.0093  20.605  30.850  25.660 
LSD       2.3875 2.9146  1.8691  0.9197  1.9368  2.6503  2.1007  
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 32.  Effect of herbicides applied two weeks after seeding to Poa annua L. on percent (%) turf cover for observations in  
       2004.  Trial established 9/23/2004.  Application made 10/7/2004. 
         Observation date* 
Treatment        10/5 10/13  10/19   10/27  11/7  11/12  11/24 
 
Control                 1.67 b 1.67 b  12.33 a 21.67 a       30.00 a 28.33 ab          70.00 a  
 
Foramsulfuron 15 g ha-1    2.67 ab   2.67 ab     2.33 b   1.67 c        1.00 c   0.00 c      2.33 c 
 
Foramsulfuron 30 g ha-1    3.67 ab   3.67 ab     5.00 b   1.00 c   1.00 c   0.00 c   1.00 c  
 
Siduron 2803 g ha-1     4.33 a 4.33 a  12.67 a 21.67 a 25.00 ab 43.33 a            71.67 a 
 
Paclobutrazol 281 g ha-1    3.67 ab 3.67 ab   7.67 ab 15.67 ab 26.67 a b 36.67 a            76.67 a 
 
Bispyribac-sodium 112 g ha-1    3.67 ab 3.67 ab   3.00 a 10.00 b 13.33 bc 11.00 bc          41.67 b 
 
 
CV (%)      42.663 42.663    54.994 31.139  51.752  59.397    30.911 
LSD       2.5441 2.5441    7.1702 6.8609  15.221  21.492  24.681 
*Means followed by the same letter are not significantly different (P=.05). 
 
72
 
 
 
Figure 16.  Percent (%) turf cover ratings from 2004 of herbicide effects on Poa annua L. 
  applied two weeks after seeding 
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 Table 33.  Effect of herbicides applied four weeks after seeding to Poa annua L. on visual phytotoxicity (1=blue/dk.green,  
        5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2004.  Trial established 9/23/2004.  Application      
       made10/21/2004. 
         Observation date* 
Treatment      10/5  10/13  10/19   10/27  11/7  11/12  11/24 
 
Control     4.00 a 4.00 a  4.00 a  4.00 a       2.33 c  2.00 b  2.00 b   
 
Foramsulfuron 15 g ha-1   4.00 a 4.00 a  4.00 a  4.00 a       6.00 a  7.00 a  9.00 a 
 
Foramsulfuron 30 g ha-1   4.00 a  4.00 a  4.00 a  4.00 a  5.00 ab 6.00 a  9.00 a 
 
Siduron 2803 g ha-1    4.33 a 4.33 a  4.33 a  4.33 a  2.33 c  2.00 b  2.00 b  
 
Paclobutrazol 281 g ha-1   4.00 a 4.00 a  4.00 a  4.00 a  2.67 c  2.67 b  2.00 b  
 
Bispyribac-sodium 112 g ha-1   4.00 a  4.00 a  4.00 a  4.00 a  3.33 bc 2.33 b  2.00 b 
 
 
CV (%)     5.8118 5.8118  5.8118  5.8118  26.594  42.543  0.0000 
LSD      0.4288 0.4288  0.4288  0.4288  1.7471  2.8379  0.0000  
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 34.  Effect of herbicides applied four weeks after seeding to Poa annua L. on percent (%) turf cover for observations in   
       2004.  Trial established 9/23/2004.  Application made 10/21/2004. 
         Observation date* 
Treatment       10/5  10/13  10/19   10/27  11/7  11/12  11/24 
 
Control      20.00 ab 20.00 ab 20.00 a b 20.00 ab       35.00 a 40.00 ab        65.00 a 
 
Foramsulfuron 15 g ha-1    18.33 b   18.33 b 18.33 b 18.33 b        7.67 c   7.00 c         20.00 b 
 
Foramsulfuron 30 g ha-1    23.33 ab   23.33 ab 23.33 ab 23.33 ab 13.33 bc 15.00 bc      20.00 b 
 
Siduron 2803 g ha-1     23.33 ab 23.33 ab 23.33 a b 23.33 ab 36.67 a 43.33 a           70.00 a 
 
Paclobutrazol 281 g ha-1    25.00 a 25.00 a 25.00 a 25.00 a 36.67 a 31.67 abc       66.67 a 
 
Bispyribac-sodium 112 g ha-1    23.33 ab 23.33 ab 23.33 ab 23.33 ab 28.33 ab 26.67 abc       71.67 a 
 
 
CV (%)      13.416 13.416  13.416  13.416  34.751  54.403           22.088 
LSD       5.4240 5.4240  5.4240  5.4240  16.613  26.998           20.985 
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 17.  Percent (%) turf cover ratings from 2004 of herbicide effects on Poa annua L. 
  applied four weeks after seeding 
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 Table 35.  Effect of herbicides applied the day of seeding to Poa annua L.on visual phytotoxicity (1=blue/dk. green,    
        5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2005.  Trial established 10/3/2005.  
        Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    6.00 a  3.67 cd 3.00 c  3.00 bc       3.00 bc  
    
Foramsulfuron 15 g ha-1  5.00 a  5.67 ab 4.67 ab 3.67 ab      3.33 ab 
    
Foramsulfuron 30 g ha-1  5.00 a  6.33 a  5.33 a  4.33 a  3.67 a  
  
Siduron 2803 g ha-1   6.33 a  2.33 d  2.67 c  2.67 c  2.67 c    
 
Paclobutrazol 281 g ha-1  5.67 a  3.67 cd 3.33 c  3.00 bc 3.00 bc   
 
Bispyribac-sodium 112 g ha-1  5.67 a  4.33 bc 3.67 bc 3.33 bc 3.00 bc  
 
 
 
CV (%)    14.430  19.308  15.026  12.247  11.237    
LSD     1.4730  1.5221  1.0327  0.7427  0.6360    
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 36.  Effect of herbicides applied the day of seeding to Poa annua L. on percent (%) turf cover for observations in 2005.  
       Trial established 10/3/2005. 
         Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    2.33 ab 5.33 ab   8.33 ab 11.33 ab       15.00 a b     
Foramsulfuron 15 g ha-1  1.00 b  1.00 b    3.00 b    5.00 b        7.00 b  
    
Foramsulfuron 30 g ha-1  1.00 b  1.00 b    3.00 b   5.00 b   7.00 b  
  
Siduron 2803 g ha-1   3.67 a  8.33 a  15.00 a 20.00 a 25.00 a   
 
Paclobutrazol 281 g ha-1  1.00 b  3.00 ab   5.00 b   7.00 b 10.00 b    
 
Bispyribac-sodium 112 g ha-1  2.33 ab 6.33 ab   9.33 ab 12.33 ab 15.67 a b  
 
 
 
CV (%)    74.034  77.274  61.790  52.292  44.592    
LSD     2.5441  5.8576  8.1811  9.6190  10.771   
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 18.  Percent (%) turf cover ratings from 2005 of herbicide effects on Poa annua L. 
  applied the day of seeding
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 The two week postemergence application data showed only siduron at 2803 g  
ha-1 having the most phytotoxic effect on the Poa for the first observation (Table 37).  By 
the final observation, there were no significant differences between treatments.  Percent 
turf cover was reduced most dramatically by foramsulfuron at 30 g ha-1 and bispyribac-
sodium at 49 g ha-1 but not significantly from the control.  Only foramsulfuron at 15 g  
ha-1 was significantly different from all other herbicides but not from the control (Table 
38).  By the final observation date, only siduron at 2803 g ha-1 and foramsulfuron 15 g  
ha-1 were significantly different from each other.  Figure 19 illustrates percent turf cover 
over observation dates for two week postemergence activity. 
 The four week postemergence application data showed no significant differences 
in phytotoxicity until the fourth observation date (Table 39).  Percent turf cover was not 
significantly different within treatments (Table 40).  Figure 20 shows percent turf cover 
over observation date for four week postemergence activity. 
 
Discussion 
 In 2004, foramsulfuron at both 15 and 30 g ha-1 caused significant damage to Poa 
seedlings regardless of the time it was applied.  Phytotoxicity was the greatest and 
percent cover was reduced the most with these treatments throughout the duration of the 
study.  The data suggests that seedling Poa can tolerate both preemergent and 
postemergent applications of s iduron at 2803 g ha-1, bispyribac-sodium at 49 g ha-1 and 
paclobutrazol at 281 g ha-1.   
 In 2005, there were no differences in phytotoxicity with the preemergent 
application.  There was, however, phytotoxic activity.  Siduron at 2803 g ha-1 had the 
highest phytotoxicity but was not significantly different from the control.  Foramsulfuron 
at 15 g ha-1 had the greatest reduction in turf cover though not significantly different from 
all other treatments except siduron.  Foramsulfuron at 15 g ha-1 had the greatest 
phytotoxic activity at four weeks after seeding but was not significantly different from 
the control. The four week treatments showed no significant percent turf cover 
differences.  The data suggests that seedling Poa annua can tolerate all of the herbicides 
tested in this study regardless of what growth stage the grass.  The greatest phytotoxic 
activity came from foramsulfuron, bispyribac-sodium and paclobutrazol.  The greatest 
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 reduction in growth came from foramsulfuron at both 15 and 30 g ha-1 , although it was 
not always significantly different than the control.  Particularly, the higher rate of 
foramsulfuron did less damage when applied postemergence. 
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 Table 37.  Effect of herbicides applied two weeks after seeding to Poa annua L. on visual phytotoxicity (1=blue/dk. green,  
   5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2005.  Trial established 10/3/2005.  Application      
  made 10/17/2005. 
         Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    6.00 ab 3.67 cd 3.00 c  3.00 b       3.00 a      
 
Foramsulfuron 15 g ha-1  5.33 ab 5.67 a  4.67 a  3.67 a       3.00 a  
    
Foramsulfuron 30 g ha-1  5.33 ab 5.00 ab 4.00 ab 3.00 b  3.00 a  
  
Siduron 2803 g ha-1   6.33 a  3.00 d  3.00 c  3.00 b  3.00 a    
 
Paclobutrazol 281 g ha-1  5.66 ab 3.33 d  3.33 bc 3.00 b  3.00 a   
 
Bispyribac-sodium 112 g ha-1  5.00 b  4.33 bc 3.67 bc 3.00 b  3.00 a   
 
 
 
CV (%)    11.114  11.593  12.035  7.5761  0.0000   
LSD     1.1345  0.8788  0.7907  0.4288  0.0000   
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 38.  Effect of herbicides applied two weeks after seeding to Poa annua L. on percent (%) turf cover for observations in  
        2005.  Trial established 10/3/2005.  Application made 10/17/2005. 
         Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    2.33 abc 5.33 ab   8.33 ab 11.33 a       15.00 ab     
 
Foramsulfuron 15 g ha-1  3.67 a  1.67 b    3.67 b   5.67 a        8.00 b 
    
Foramsulfuron 30 g ha-1  1.00 c  3.00 ab   6.00 ab   9.00 a 12.33 ab  
  
Siduron 2803 g ha-1   3.33 bc 7.67 a  11.67 a 15.67 a 20.00 a   
 
Paclobutrazol 281 g ha-1  1.33 bc 3.00 ab   6.00 ab   9.00 a 12.33 ab    
 
Bispyribac-sodium 112 g ha-1  1.00 c  3.67 ab   6.67 ab   9.67 a 13.33 a b  
 
 
 
CV (%)    54.468  77.931  61.108  55.181  48.215   
LSD     2.0919  5.7498  7.8437  10.095  11.842   
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 19.  Percent (%) turf cover ratings from 2004 of herbicide effects on Poa annua L. 
  applied two weeks after seeding 
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 Table 39.  Effect of herbicides applied four weeks after seeding to Poa annua L. on visual phytotoxicity (1=blue/dk. green,  
       5=acceptable chlorosis, 9=tan/brown/dead) for observations in 2005.  Trial established 10/3/2005.   
      Application made 10/31/2005. 
         Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    6.00 a  3.67 a  3.00 a  3.00 ab       3.00 ab    
 
Foramsulfuron 15 g ha-1  6.67 a  3.67 a  3.33 a  3.33 a       3.33 a  
    
Foramsulfuron 30 g ha-1  6.33 a  3.33 a  3.00 a  3.00 ab 3.00 ab 
  
Siduron 2803 g ha-1   6.33 a  3.67 a  3.33 a  3.00 ab 3.00 ab   
 
Paclobutrazol 281 g ha-1  6.00 a  4.00 a  3.33 a  2.67 b  2.67 b    
 
Bispyribac-sodium 112 g ha-1  6.67 a  3.33 a  3.00 a  2.67 b  2.67 b   
 
 
 
CV (%)    11.886  18.691  17.297  11.873  11.873    
LSD     1.3695  1.2279  0.9965  0.6360  0.6360   
*Means followed by the same letter are not significantly different (P=.05). 
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 Table 40.  Effect of herbicides applied four weeks after seeding to Poa annua L. on percent (%) turf cover for observations in  
      2005.  Trial established 10/3/2005.  Application made 10/31/2005. 
        Observation date* 
Treatment    10/21  10/31  11/4   11/11  11/17     
 
Control    2.33 a    5.33 a   8.33 a 11.33 a       15.00 a    
 
Foramsulfuron 15 g ha-1  3.67 a    4.33 a   8.33 a 12.33 a      16.67 a 
    
Foramsulfuron 30 g ha-1  4.00 a  10.00 a 16.67 a 21.67 a 26.67 a 
  
Siduron 2803 g ha-1   3.67 a    6.00 a 11.67 a 15.67 a 20.00 a   
 
Paclobutrazol 281 g ha-1  2.33 a    8.00 a 12.67 a 15.67 a 19.00 a   
 
Bispyribac-sodium 112 g ha-1  3.67 a  13.33 a 21.67 a 26.67 a 31.67 a  
 
 
 
CV (%)    70.822  73.741  59.418  51.518  45.135    
LSD     4.2232  10.509  14.293  16.142  17.654   
*Means followed by the same letter are not significantly different (P=.05). 
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Figure 20.  Percent (%) turf cover ratings from 2005 of herbicide effects on Poa annua L. 
                   applied four weeks after seeding 
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 Summary 
 
The previous research had tested some herbicides on newly seeded turf grass species.  
However, very little specific work had been done looking at a particular mode of action 
on several different grass types.  This research focused on the effects of ALS inhibitors 
on newly seeded grasses to determine the practicality of early application in regards to 
stand reduction, weed control, and phytotoxic effects.  Most herbicide labels specify only 
applying the chemical to established turf, typically not under one year of growth.  
However, weed populations and infestations hinder the growth of newly seeded grasses 
and therefore must be addressed at the time of seeding.  This research project was 
designed to determine where in the early life cycle of the seedling grass it is appropriate 
to apply a herbicide with the minimum risk of injury or death to the desired species and 
the maximum control of the weeds.  Earlier research has shown some tolerance of 
seedling grasses to several different herbicide classes.  This research focused primarily on 
ALS inhibitors.  Results from previous tests show that the use of certain herbicides on 
seedling grasses is effective in controlling weeds as well as causing very little injury to 
the desired species.  Foramsulfuron applied to seedling bermudagrass provided excellent 
weed control and little to no damage to the turf regardless of when it was applied.  
Seedling zoysiagrass showed excellent tolerance to flazasulfuron, foramsulfuron and 
metsulfuron-methyl when applied early postemergence.  The use of foramsulfuron on 
bentgrass is not recommended as recovery was minimal and damage was great.  Siduron 
had some activity though did not persist in controlling later emerging weeds.  Poa annua 
showed tolerance to early treatments of siduron, paclobutrazol and bispyribac-sodium.  
Previous work suggested that some species would tolerate early treatments of ALS 
herbicides.  Most early studies were conducted in greenhouse or growth chamber pot 
studies where the conditions were easily controlled.  Large field trial experiments were 
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